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In the course of the investigation of rocks as road-building 
material, it early became apparent that in addition to the hardness, 
resistance to wear, and other physical, mechanical, and economical 
conditions that required consideration, the binding power, or as 
it has come to be called, the cementing value, was one of the most 
important factors in deciding as to the nature and value of the 
material. 

The description of methods of reducing the materials to pow- 
ders, the formation from these powders of briquettes under con- 
stant pressure, and the subsequent impact testing by which the 
cementing value is obtained, has already been thoroughly described 
by Mr. L. W. Page,’ to whom the development of the study of 
the cementing value of rocks and the methods of impact testing is 
due. An outline description of the methods employed is all that 
is necessary here. The stone or other material is ground in a 
ball mill until it passes a screen with 40 meshes per centimeter 


1 Report Massachusetts Highway Commission, 1900. 








452 ALLERTON S. CUSHMAN. 


(100 per inch). ‘This sifted powder is then mixed with sufficient 
water to make a stiff “dough.” After standing twenty-four hours, 
cylindrical briquettes are made of standard size (25 mm. X 25 
mm.) at a standard pressure of 100 kilograms per square centi- 
meter. ‘This is done in a specially designed hydraulic press. The 
briquettes are then dried in an air-bath at 100° and tested in an 
impact machine which delivers a standard blow of 1 kilogram, 
falling 1cm. The cementing value is measured in this laboratory 
by the average number of standard blows that a series of 
briquettes made from a rock powder will stand. The tests on 
many hundred samples, including clays, gravels and rocks of every 
description have shown a range of cementing values varying from 
those which will stand several thousand blows down to those that 
will barely stand one. A careful scrutiny of recorded tests in 
connection with the nature and chemical composition of a given 
material does not reveal the reason for the phenomenon. Rocks 
which, on chemical analysis, show themselves essentially identical 
in composition frequently vary widely in cementing value. 

We are at once reminded of the great variation in plasticity 
which has been found in the case of clays. ‘That the plasticity of 
clays is a phenomenon allied to, if not identical with, the binding 
power of rock dust there seems to be no doubt. The same prop- 
erty which makes a rock dust bind makes it form a plastic mass 
when worked up with water. It has never been positively decided 
whether there is a definite combination constituting the essential 
basis of all substances to which the name clay is applied.t_ If 
there is, however, one quality which marks and characterizes a 
clay and distinguishes it from other finely divided material found 
in nature, it is plasticity. The classification of materials, accord- 
ing to the size of the particles into silts and clays, is in the opinion 
of the writer incorrect. Powdered glass in the finest state of sub- 
division in which it can be obtained by elutriation has no cementing 
value whatever, and the same thing is true of the powders obtained 
from the natural glasses and semiglasses represented by some of 
the igneous and metamorphic rocks. 

If we compare a plastic powder with a non-plastic one, nothing 
is explained when we say that in the former case the particles 
cohere, while in the latter they do not. The problem still remains 
to discover, if possible, the reasons for this cohesion. No adequate 


1 Compare Century Dictionary. 








i hk wi eee. lle Se ee es es es es ec: 


Ff 








CEMENTING VALUE OF ROCK POWDERS. 453 


explanation of the plasticity of clavs has as vet been advanced. 
So high an authority as Dr. Heinrich Ries’ has left the subject 
open by his statement that: ‘Plasticity, whatever its cause, is an 
important property from a commercial standpoint and interesting 
from a scientific one.” ‘The same authority presents to us the 
various theories that have from time to time been advanced to 
account for the phenomenon, and finally decides on a combination 
of the two theories, of Cook? and Olchewsky.* ‘Cook considered 
plasticity to be due to a plate structure present in the clay, the 
plates sliding over each other and thus permitting mobility in the 
mass without cracking. He further found that in the kaolins the 
plates of kaolinite were frequently collected in little bunches, and 
that, after these were rubbed in a mortar, in order to tear apart the 
plates, they showed increased plasticity. Olchewsky was probably 
the first to suggest that the plasticity and cohesion of a clay are 
dependent on the interlocking of the clay particles and kaolin 
plates, and in this connection used the briquette method of testing 
the plasticity, or rather obtaining a numeric expression of it by 
testing the tensile strength of the air-dried clay.” The above 
explanation, if explanation it can be called, is far from satisfac- 
tory. In fact we are no nearer an understanding of the phe- 
nomenon when we say that clay particles “interlock” than when 
we say that they cohere. Moreover, simple plate-shaped particles 
do not, ipso facto, lead to high cementing value and plasticity, as 
many substances, such as mica, talc, graphite, etc., do not yield 
plastic powders. It has been claimed that the explanation is to be 
sought® in the size as well as the shape of the particles, but, though 
undoubtedly both these elements enter into the problem, it is none 
the less true, as will be shown later, that at no obtainable degree of 
fineness does a non-plastic powder begin to show plastic qualities. 
Orton,® commenting on the work of Cook, says: “Clays already 
naturally plastic show no plates at all, only a homogeneous matrix. 
These points indicate that the plasticity of a clay depends on the 
extent to which the tendency to a crystalline structure has been de- 
stroyed in the treatment that the clay has received.” It is well 


1 Bull. N. Y. State Museum, 35, No. 7, p. 544 (1900). 

2 N. J. Geological Survey, (1878) ; Clays of N. J. 

3 Tops. u. Zieg. Zig. (1882), p. 29. 

4 Ries: Loc. cit. 

5 Compare G. P. Merrill’s ‘‘ Rock, Rock Weathering and Soils.” 
6 Orton : Geol. Surv. of Ohio, 7, 1. 
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known that the plasticity of many clays is increased by soaking 
and kneading with water, and the same thing is noticed in the case 
of the cementing power of rock dusts, granting that there is a cer- 
tain plasticity to begin with. Starting with a non-plastic powder 
no amount of working-up will give it cementing power. Any 
further discussion of these points will now be deferred until cer- 
tain results have been presented which bear directly upon the 
cementing power of rock powders. 


THE CEMENTING VALUE OF ROCK POWDERS. 

It was realized from the beginning of the investigation that the 
phenomenon of the cementing power of rock dusts was possibly 
the result of several if not many causes. Among those which 
might be expected to have more or less influence, may be men- 
tioned : 

(1) Solubility, however slight, of the material or of certain 
ingredients of the material. 

(2) Size and shape of the particles. 

(3) Chemical reactions set up on moistening the powders, as in 
the cases of Portland cements, mortar, etc. 

(4) Crystalline forces operating under either 1 or 3, as in the 
cases of plaster-of-Paris, mortar, cements. 

(5) Physical nature or condition of the particles and their re- 
lations to water: (a) Unbound water; (b) hygroscopic water ; 
(c) water of crystallization; (d) water of constitution, or combi- 
nation. : 

After many experiments in this laboratory, some of which are 
detailed in the following pages, the conclusion was reached that, 
although the causes put down under the first four headings are to 
a certain degree operative in many cases, and even perhaps of 
paramount importance,in exceptional ones, it is under the fifth 
heading that the true cause of cementing power and plasticity 
must be sought. 

If a rock powder is ignited at a temperature at which all the 
water of combination is expelled, the cementing power is invari- 
ably totally destroyed. This is also true as regards the plasticity 
of all grades and varieties of clays. No better indication could be 
had that the binding power is a function of the combined water or 
of some condition of the particles which is invariably accompanied 
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by the presence of combined water. Early in the investigation the 
idea had suggested itself that there must be a physical difference 
in the nature of the particles. Powders which cement well, must 
be composed of particles which present to one another more or 
less “sticky” or adherent surfaces. As a matter of fact, a trained 
eye can at once detect a powder that is likely to give a high cement- 
ing value. A plastic powder when poured on a flat: surface will 
form a more or less cone-shaped heap, while a non-plastic powder, 
to use the language of the clay worker, “squats.” Most authorities 
have rejected the notion’ that water of combination conditions 
the plasticity, for the simple reason that many totally non-plastic 
earthy deposits and minerals have a high water content. The 
difficulty has probably arisen from a failure to distinguish different 
kinds of water of combination. The whole question of combined 
water in inorganic materials is a most interesting one and will be 
more fully discussed later on. 

In the earlier experiments, four road-building materials were 
selected, which, while essentially similar in geological character 
and chemical composition, had shown a wide variation in cementing 
value. The number, analysis, cementing value, specific gravity 
and weight of the dry 25 mm. briquettes are given in the table 
below. 


TABLE I. 
No. 441. No. 341. No. 342. No. 414. 
1s 0 Ree 5.20 4.73 3.00 0.20 
Siac caneisics cise tincoincoseets 83.22 83.35 88.06 9590 
Al,O, Hee eed Mewes ae ae weeee 7.75 9.53 6.00 2.60 
Fe,O, e600 0600 CHCCSS CEOS Cees 3.10 2:25 2.34 1.05 
CaCOg oeceeececcce cece cccees 0.75 trace 0.00 0.50 
MgCOy ---cece cece cece ccccee 0.00 0.00 0.00 trace 


100,02 99.84 99.40 100.05 


Cementing value .......+.ee. 297.0 IOI.0 74.0 2.0 

Specific gravity of powder --. 2.3 2.6 2.5 2.5 
Grams. Grams. Grams, Grams. 

Weight dry briquette........ 22.5 23.6 21.0 18.8 


A study of these records shows that the degree of hydration, in 
so far, at least, as these four samples are concerned, has followed 
the order of the cementation. In addition to this, it is seen that 
the respective weights of the 25-mm. briquettes are not in the ratio 
of the specific gravities. In other words, some rock powders are 


1 Compare Cook: Loc. cit., p. 288. 
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appaiently more compressible than others. In so far as the writer 
is aware, little or no attention has been given to the subject of the 
compressibility of rock powders; it is not even known what bear- 
ing water of combination has on the volume relations of powders. 
In order to pursue this subject, it was decided to further investi- 
gate the samples, the analyses of which have been given above. 
Portions of the rock powders were ignited at a red heat until com- 
pletely dehydrated; a series of briquettes were then prepared by 
weighing exactly 20 grams of each of the powders, both raw and 
ignited. ‘These briquettes were then carefully measured, and de- 
terminations of the specific gravity of the powders made. ‘The re- 
sults are contained in the following table. 


TABLE II. 
Water. Height of 20- Cementing Compres- 
No. Per cent. sp. gr. gram briquette. value. sion. 

BAT s:5\c/0/s10i viele ese 5.20 2:3 22:2 297 7 
441 ignited ...- 0.00 2:5 29.0 2 _— 
B4Locceccccccee 4.73 2.5 21.2 IOI 2.8 
341 ignited .... 0.00 2.6 22 2 

BAP ocecivescccee 3.00 25 23.8 74 2.4 
342 ignited ..-. 0.00 2.6 27.0 2 _ 
BTA pieeinescieseins 0.20 2.5 26.6 2 — 
414 ignited .... 0.00 2.4 28.9 2 0.2 


An inspection of the above table shows that the briquettes made 
from ignited powder are invariably larger than those made from 
raw powder, and that this difference in height is not entirely ac- 
counted for by the slight difference in specific gravity. Assuming 
that the water of constitution is so included in the particles of the 
raw powder as not to add materially to their bulk, a correction 
must be applied for this. For instance, in the case of No. 441, 5.2 
per cent. of the 20 grams weighed, or 1.04 grams, consisted of 
combined water. In No. 441 ignited, this proportion of the weight 
is substituted by material which certainly adds to the volume. In 
this table the values in the column headed compression 
are obtained by applying corrections for the change in specific 
gravity and loss in water. The following formula gives at once 
the compression from the data involved: 


cu (M428), 


where A and B are the respective heights of the raw and ignited 
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briquettes, a and b the corresponding specific gravities, and y the 
percentage of water of hydration. 

It appears from these results, which have been confirmed by 
many others not here given that plastic powders molded into bri- 
quettes under a given pressure apparently suffer a certain com- 
pression which is not shown by the material after the plastic condi- 
tion has been destroyed by ignition. We have now to inquire if 
any reason can be found not only for this compression but for 
the fact that it seems to accompany the plastic condition. 

Compressibility may be conditioned by: (1) Porosity and plas- 
ticity of the particles which would allow of their being “squeezed” 
into closer contact and configuration. (2) Shape and size of the 
particles governing their resistance to close contact and the in- 
closure of voids. 

In this work it was found that the ignited powder always con- 
tained a much larger proportion of impalpably fine dust than the 
raw hydrated powders. This is shown not only by microscopic 
examinations but proved by dropping the respective powders into 
water, when it is easily seen that the former contains a greater pro- 
portion, of fine material which remains longer in suspension. 

It is conceivable that a hydrated material may possess a porosity 
so fine that the magnitude of the interstitial spaces is submicro- 
scopic, perhaps not far removed from that of the water molecules 
themselves. The heating by ignition of a powder consisting of 
such hydrated particles would have a bursting or disrupting effect 
upon the particles which would thus fall down to a more impal- 
pable dust.* 

In order to investigate the effect of size of particle on the volume 
of briquettes it was decided to prepare glass powders of different 
degrees of fineness. A quantity of the best French plate glass was 
accordifigly powdered in the ball mill and sifted through a 0.25- 
mm. mesh screen. A quantity of the sifted powder was shaken 
up with a large excess of distilled water and allowed to settle for 
ten minutes. The portion in suspension was then decanted to 
another vessel and allowed to settle again for thirty minutes; the 
decantation was then repeated and the third or finest portion al- 
lowed to settle completely. The three portions were thoroughly 
dried in an air-bath, and the three powders examined under a high- 


1 At the time at which the above was written the author was not familiar with the in- 
teresting work of Van Bemmelen on the dehydration of inorganic colloids (the so-called 
hydrogels), or with the miscellian theory of Nageli. 
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power microscope fitted with a micrometer eye-piece, with a view 
to getting some notion of the comparative size of the particles in 
the respective samples. As the size of the different particles was 
in no case uniform, the best that could be done was to measure the 
largest particle that presented itself in each field and then select 
one that seemed more nearly to represent an average; 20-gram 
briquettes were then made from each of the three powders, and 
carefully measured. The cementing value is given in each case to 
show that it does not increase with the fineness of the particles, if 
a non-plastic powder is being dealt with. The results are given in 
the following table: 


TABLE III. 
Amount of 
Approximate water used in : 
size of making Height of . 
powders. briquettes. briquette. Cementing 
Sample. mm, Cc. mm, value. 
{maximum 0,2 
eeeeeeee 2 I 
Coarse average 0.025 4 9 
: maximum 0.050 
eeveee I 
Medium average 0.017 4 34 
: {maximum 0.012 
OEY o'6.0n cies be average 0.004 4 36 I 


It may be questioned whether the difference in the observed 
volume of the briquettes could be occasioned by a difference in the 
specific gravity of the various powders. The extreme compression 
observed between the minimum and maximum volume in these 
glass briquettes is 9.5 mm.; this corresponds to a calculated 
difference of 0.7 of a unit in the specific gravity. That is to say, 
if the powder had a specific gravity equal to 2.5, the finest would 
have to have a specific gravity equal to 1.8 in order to account for 
the variations. It is impossible to believe that such a homogeneous 
material as plate glass could be separated into portions of such 
widely differing gravities, and, moreover, in spite of the difficulties 
attending the determination of the specific gravity of very fine 
powders, such wide differences could not escape experimental de- 
tection. As a matter of fact, determinations carefully carried out 
showed little or no deviations in specific gravity. 

The question then is, how are we to explain these results? As 
far as the writer is aware there is little information available in the 
literature on the volume relations of fine powders under given 
pressures, although much has been said on the subject when it is 
a question of a far larger order of magnitude, 7. e¢., in relation to 
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the size and shape of broken stone and pebble in concrete mixtures. 
It is possible, of course, that the finer powders enclose voids that 
resist compression more than do the coarser and more angular 
particles. Again it may be considered that in the form of a solid 
cylinder, glass is occupying the smallest volume it can occupy. If 
the glass is crushed to fragments these fragments can be com- 
pressed to a certain degree by a given pressure; if we break these 
fragments still smaller, the resulting fragments, however tiny, are 
made up of particles arranged in more compact order and in less 
space than they could be arranged again if once set free. From 
purely theoretical consideration, therefore, we may say that ia 
reducing the fineness of a powder we are approaching an ideal 
condition of unit particles which can not be forced by any ordinary 
pressures into the same space they occupied as part of fused 
masses. Whatever the proper explanation of these results may 
be, it is certain that an increase in the amount of impalpable dust 
of the smallest possible magnitudes apparently decreases the com- 
pressibility of the material by a given pressure. Turning again 
to the results on rock powders we are led to the conclusion that 
the driving off of water of combination breaks up the particles to 
a finer dust, also that this destruction of the particles leads to loss 
of plasticity. 

As there were on hand in this laboratory a large number of thor- 
oughly air-dried samples of rock powders and clays, of which the 
cementing value was known, it was decided to determine the water 
content of these, with a view to seeing if indeed any relation could 
be traced between cementing value and water of combination. 
The determinations were made by igniting the powders in a plati- 
num boat contained in a hard glass tube and absorbing the water 
set free in a weighed sulphuric acid bulb-tube. The results are 
contained in the following tables: 

TABLE IV. 


Dolomites and Limestones. 
Cementing Water. 


No. value. Per cent. Name. 
Bi licincew cisnind 9 0.40 Dolomite. 
665-----2 eee 10 0.30 Dolomite. 
yee 10 0.50 Dolomite. 
OBZ oc ccce sce 12 0.35 Limestone. 
489+ cece cece 13 0.14 Calcite. 
ATO ews is ees 16 0.48 Dolomite. 


BD c civrewre sais 26 0.38 Limestone. 
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6.00 
0.82 


25.00 
1.35 


87.00 
2.04 


Cementing Water. 
No value. Per cent. Name. 
ZAG soe svaicae 32 0.40 Dolomite. 
EDR sciscsiseeis 38 0.40 Limestone. 
BGA oS xeiseesins 41 0.40 Limestone. 
aS BAD 54 0.58 Limestone. 
BSG sie iss es'e'- 58 0.66 Limestone. 
BAT eves veecce 95 0.34 Limestone. 
Apnciee ss sie 99 0.64 Limestone. 
ARG ss:cs oorieiss 158 1.00 Limestone. 
Ri) Cee 158 2.26 Clay limestone. 
NOD 20. <0cves 161 1.20 Dolomite. 
Cy 195 1.20 Limestone. 
oy 595 6.10 Clay limestone. 
Miscellaneous Rocks. 
Cementing Water. 
No value. Per cent. Name. 
468. - 2220 e eee 2 0.00 Gneiss. 
580-+ ++ sees 2 0.43 Gravel. 
Al geeveseseee 2 0.20 Metamorphic silicious rock. 
AQQ-ecweeees 4 0.02 Quartzite. 
O52-eccsecees 8 3:2 Gravel. 
BET as0icrss:e'eie'e 9 0.40 Gravel. 
465 ++ cece cece 14 0.81 Gravel. 
O51 - coves vcce 17 1.30 Gravel. 
B72occccccece 25 0.56 Gneiss. 
5Q2-eesesceee 41 1.50 Gravel. 
B42o ere sccece 74 3.00 Silicious chert. 
536+ ccccccece 77 0.68 Gravel. 
BAT. 0sccceee IOI 4-73 Gravel. 
295. IJO 1.90 Trap rock. 
LS) eee 158 2.26 Calcareous clay. 
ABT vincin:s 0\siesie 297 5.20 Gravel conglomerate. 
BQO - re vevece 327 2.00 Felsite. 
BON iaie as wecieiaie 475 5.00 Red clay. 
398-2 +2 oeeees 577 2.50 Rhyolite. 
TABLE V.—DIABASE TRAP ROCK. 
Cementing Water. 

No. value. Per cent. Average. 
HIS oc ccee 2 0.81 ; 
420+ eee 6 0.81 Low group Commuting waine, 
Seid deais Po 0.84 Water content, 
4O5++eeee 19 I.14 F 
BEDS emesis 19 1.46 Middle group { Cementing value, 
sain 38 1.45 Water content, 
B57eceeee 72 1.80 | 
517 oreeee 76 1.6 : Cementing value, 
467 «eee gI : , hom { Water nw 
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An inspection of these results shows at a glance that high 
cementing values show a decided tendency to accompany a high 
water content. At the same time we see that there are several 
exceptions revealed, and it is probable, that an even greater 
number of results would show other discrepancies, as it is well 
known that many minerals with high water content do not yield 
plastic powders. On the other hand, if a certain kind of water of 
combination invariably accompanies the plastic condition, this 
active water would be added to the inactive and an explanation 
furnished, not only for the general tendency, as shown above, but 
also for the exceptions to it. 

We have to inquire what is meant by water of combination. 
Probably no term in chemistry has been more loosely used than 
this. Ordinarily speaking, it refers to the water which is con- 
tained in a substance in such a way that no amount of drying at 
100 C. is able to dislodge it. In this way it is differentiated from 
unbound water and probably from hygroscopic moisture. Such a 
definition, however, would include as a general thing water of 
crystallization, which is not usually meant when we speak of water 
of combination. It might be subdivided into chemically bound or 
hydroxyl! water, and physically bound or included water, but as a 
matter of fact, so little is known about the relation of water to 
structure, that classification is at present impossible. 

The question of opalline or zeolytic water has been much dis- 
cussed’ but recent work seems to indicate that the combined water 
in these cases exists in a physically rather than in a chemically 
bound condition. Even the water in the metallic hydroxides to 
which we assign arbitrary formulas has fallen under grave sus- 
picion.? 

In 1893 Van Bemmelen began the publication of a series of re- 
searches® on the inorganic colloids or “Hydrogels”. Nearly all 
metallic oxides and many salts have the power of entering into 
that peculiar hydrated, non-crystalline condition which Graham* 
in 1861 denominated colloid or glue-like. The special hydrogel 


1 See Friedel: Bull. Soc. Min., 19, 14, 94 (1896); also Compt. Rend., 122, 1006. 

2 “Die Frage scheint erlaubt, wann endlich in den Handbiichern und inden Abhand- 
lungen von Hydraten mit chemischen Formeln zu spreche aufhéren wird, bei Substan- 
zen, die nur eingetrocknete Hydrogels sind. So begegnet man, z. B., iiberall dem Eisen- 
oxydhydrat mit der falschen Formel Fe:(OH) 5. Diese kristalloidale Verbindung wurde 
noch nie bereitet.’”” V. Bemmelen und Klobbie: /. prakt. Chem., 46, 497-529 (1892). 

8 Ztschr. anorg. Chem., §, 466; [bid., 13, 233; Jbid., 18, 14; Jb7d., 20, 185 ; /b7d., 22, 313. 

4 Phil. Trans. (1861), p. 183. 
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which Van Bemmelen studied most minutely was that of silicic 
acid, although his researches include the oxides of copper, tin, 
iron, alumina, etc., etc. As a result of these extensive investiga- 
tions the author cited adopts the suggestion of Nageli of the 
micellian structure of colloids, that is to say, that these curious 
substances consist of heterogeneous molecular complexes which 
possess a submicroscopical, web-like, porous formation, one of the 
distinguishing characteristics of which is the peculiar relation to 
and dependency upon water which they exhibit. The water con- 
tent of these hydrogels varies continually with the temperature and 
the vapor-pressure of the atmosphere in which they find themselves. 
Dried at high temperatures up to a certain critical point, they will 
loose nearly all their water, only to take it back again eagerly when 
allowed to cool in free air or in moist atmospheres. This dehydra- 
tion and rehydration can be repeated indefinitely unless the tem- 
perature of drying is carried too high, when the faculty is grad- 
ually lost and finally destroyed. We have here to do with a cer- 
tain kind of water of combination which, following Van Bem- 
melen, we shall denominate micellian water. It is just as much a 
characteristic of the plastic or colloid condition as water of crystal- 
lization is a characteristic of many crystals, although just as we 
may have in certain cases crystal water replaced by alcohol or 
ether, etc., of crystallization, we can have the water in these col- 
loids replaced by organic liquids, yielding alkogels, sulphogels, 
glycerogels, acetogels, etc. Further than this, all the recent 
work that has been done on the occlusion of solids by colloids 
points to the fact that water can be replaced by numbers of other 
substances. Even solids seem to be absorbed into the micellian 
structure, but this leads up to the question of solid solutions, a sub- 
ject too large for discussion in the present paper. 

Van Bemmelen has shown that this inhibited or micellian water 
differs from hygroscopic water in the ordinary sense of that word. 
Micellian water is absorbed into the structure of the particles of a 
powder of an inorganic hydrogel without changing the physical 
appearance, even under the microscope. Hygroscopic water is 
usually adsorbed on the particles, producing a distinct appearance 
of wetness. Heating does not usually destroy the hygroscopic 
qualities of a substance; it invariably destroys the absorptive 
power of the micellian structure, if pushed far enough. 
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It is not the purpose of this paper to review the work that has 
been done on colloids. A good bibliography of the whole subject 
has been given, up to 1901 by Whitney and Ober. The im- 
mediate object is to call attention to certain significant qualities 
which are shared in common by such inorganic hydrogels as silicic 
acid, and ferric hydroxide on the one hand, and plastic clays and 
rock powders on the other. Both contain combined water; both 
lose water on heating, and take it up again on cooling in moist 
atmospheres (see curves in Fig. 1). Both gradually lose this 
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Fig. 1. 


power on continued heating at high temperatures, and finally lose 
it entirely, together with plasticity, if the heating is pushed far 
enough. Very highly plastic clays and rock powders, after work- 
ing up with water, usually shrink and deform on drying out; this 
quality is also universally noted in the case of the hydrogels. 
Silicic acid which has been air-dried can have water pressed out 
of it by subjecting it to very high pressures ; the same phenomenon 
is known in the case of clays in the manufacture of hydraulic 
pressed brick. It has been frequently claimed that the cause of 
plasticity is to be sought in the aluminum silicate (kaolin) which 
forms the essential ingredient in all clays. The following is 


1 Loc. cit. 
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quoted from a late writer on the subject. “Based on the work of 
various chemists, on that of investigators, using the microscope, 
with high powers, and on the physical experiments of Le 
Chatelier, it may now be said to have been established, that there 
are various hydrous silicates of aluminum, which differ in the 
proportion in which the elements are combined, and in form and 
structure, some being colloid or amorphous and others crystalline.” 

G. H. Cook,” a high authority on clays, writing in 1878 and de- 
scribing his microscopical examinations, says: “Some clays appear 
to consist of well-defined crystalline forms; others show a few of 
these in a mass of fragmentary shapes; others still seem to be 
wholly made up of irregular forms and exceedingly fine particles 
of matter.” Cook then calls attention to the fact that highly 
plastic clays are in the latter class and finally includes this very 
suggestive sentence; “We know that in some of the metals a ten- 
dency to crystallization reduces their tensile strength—most 
notably in the case of iron; and it may be that the crystalline 
structure of clay is somewhat analogous to the metals. Thus far 
there seems to be a close correspondence between this [non- 
crystalline] state or condition and the property of plasticity, and 
it appears to be a reasonable explanation consistent with most if 
not all the facts.” 

If indeed plasticity is a question of a colloid condition of the 
particles, it seemed that plastic clays and rock powders ought to 
show the same peculiar relation to water as is shown by the 
hydrogels, and in a diminishing degree as the plasticity diminishes. 

In order to study the subject, a special form of furnace was de- 
vised that could be heated by a blast-lamp to any desired temper- 
ature up to 1100° C. The temperatures were measured by means 
of a Le Chatelier platin-rhodium pyrometer. No difficulty was 
experienced in maintaining the temperatures constant to within a 
few degrees. The mode of procedure was as follows: Exact, 
2 gram samples of the various substances were heated in the fur- 
nace for exactly one hour, cooled in a desiccator over concentrated 
sulphuric acid for one hour, weighed as quickly as possible and 
finally exposed under a large bell-jar over dilute sulphuric acid (24 
per cent.) which had a vapor-pressure of about 18 mm. at 24° C.® 
At this vapor-pressure, water does not adsorb on the surface of 


1 Ladd : Clay Record, 1§, 10. 
2 Loc. cit., pp. 287, 288. 
§ Landolt and Bornstein: “ Tabellen,’’ Ed. 1894, p. 65. 
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glass or the particles of a powder so that all gains in weight are 
a true measure of affinity for water. As nearly as possible, the 
bell-jar was kept at a constant temperature during the experi- 
ments, but when any considerable variation occurred, corrections 
were made to the results. The silicic acid hydrogel was prepared 
by neutralizing sodium silicate with dilute hydrochloric acid, and 
washing the jelly by dialysis until the salt was entirely removed. 
The pure jelly was dried to a certain point on the steam-bath and 
finally allowed to air-dry. The resulting white powder, which had 
every physical appearance of being dry, was found to contain about 
20 per cent. of water. The hydrogels of iron, alumina and mag- 
nesia were precipitated by dilute solutions of sodium hydroxide, 
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thoroughly washed by decantation and finally air-dried. Finally 
three samples of clay were selected for comparison. Clay No. I 
was highly plastic, clay No. 2 less so, and clay No. 3 contained an 
unusual amount of calcium carbonate. The results of the experi- 
ments are graphically shown in Figs. 1 and 2. On the horizontal 
axes, the temperatures of the heats in the furnace are shown, and 
on the vertical axes, the regain weights after one hour’s exposure 
in the bell-jar. The curves of Fig. 1 indicate that identically the 
same peculiar power of absorbing water, which is gradually de- 
stroyed by heating, is possessed by clays and colloids. The differ- 
ence is merely in degree. In Fig. 2 we have the curves for 
alumina and magnesia compared with that obtained from a calca- 
reous clay of low fusing-point which contained 30.75 per cent. of 
calcium carbonate. These curves never descend to the zero-point. 
No amount of heating will destroy the power of lime, magnesia 
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and alumina to take up water again. Whatever theory we may 
hold as to the relation of water to these substances in the process 
of “slaking”’ it is quite certain that it is an altogether different 
phenomenon from the process which goes on when water is ab- 
sorbed into the peculiar structure of a colloid. Table VI presents 
a series of observations made on a number of different samples in 
which the temperature of the heats was constant and the cementing 
values and the percentage of regain are the variables. 
TABLE VI. 


. Regain per cent. 
Cementing lLosspercent. in air at 18 mm. 
at 300 


Sample No. Name. value. sks 
534 Clay 595 2.31 2.09 
557 Clay 475 1.00 0.75 
361 Clay limestone 158 0.40 0.40 
335 Diabase IIo 0.30 0.18 
517 Diabase 76 0.43 0.43 
566 Diabase 38 0.17 0.13 
499 Quartzite 4 0.07 0.03 
570 Gravel 2 0.08 0.04 
468 Gneiss I 0.04 0.00 


The results are shown graphically in Fig. 3, the cementing 
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values being plotted on the horizontal, and the regain percentages 
on the vertical axis. The tendency of low regains to accompany 
low plasticity in these cases is undoubted, although the curve is 
by no means regular. Good reasons for irregularities are not hard 
to find; in the first place, impact testing, though it may be the 
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best, is not a perfect measure of cementing value and is subject to 
considerable error. In the second place, it is freely admitted that 
other influences such as shape and size of particles, solubility of 
ingredients, the ratio of plastic to non-plastic material present, 
etc., may come into play. 

A question that naturally arises is how are we to account 
for the well-known high-binding powers of many homogeneous 
crystalline rocks such as limestones and dolomites. Reference to 
Table IV shows a wide range in cementing value for this class of 
material. As a matter of fact, pure calcium carbonate has no 
cementing value whatsoever; this quality is provided by certain 
hydrated impurities such as silica, ferric oxide or even clay. The 
amount of these impurities need not necessarily be very large, but 
the distribution throughout the mass is probably of a very intimate 
nature. It has long been known to practical road builders that the 
binding power of many rocks increases as time goes on, under the 
combined influence of the action of traffic and water. Every potter 
knows that the plasticity of clay increases under the action of 
kneading and working with water. In some industries, clay mix- 
tures are stored away for considerable periods under wet blankets. 
This process is called “sweating” and is believed to be very bene- 
ficial. It has lately been suggested that bacterial fermentations 
are responsible for the improvement in the quality of clays under 
such treatment. The writer has no data on this subject but it is 
well known that many of the nitrifying bacteria flourish in media 
composed of inorganic colloids, which suggests that the presence 
of bacteria may be a concomitant rather than the cause of improve- 
ment. Experiments in the laboratory have shown that the 
cementing value of briquettes is increased, if the dough made from 
a rock dust is allowed to stand for some time before being molded, 
and it is still more increased, if the dough is kneaded. This is 
plainly shown by the results of a sample of dolomite that had an 
analysis as follows: CaCO;, 54.30; MgCO,, 36.20; combined 
water, 0.48; silica, 3.00; iron and alumina, etc., 7.00. This 
dolomite is a celebrated road-building material in the locality in 
which it is found and its most marked characteristic is the way 
that its binding power increases after it has been upon the road for 
some time. In the following table, the rock dust was mixed with 
water and briquettes made at separate intervals; finally a new lot 
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of dust was made to a dough and well kneaded by hand for one 
hour. 


TABLE VII. 
Time. ° Cementing value. 
FO Re eee ee Pe ee ee ee ay eT 16 
Dough 4 hours NUE sions BAe eiointae eRe eee 50 
a4 COS" SR. coleoicietaii an ieieceieiereieieieleteares 81 
aS 9g Le acgre elem ciate cisisinien eee Rae S 79 
ie BG, Sh cists aeuisisesesaseee ses a7 
MS RG EF SF oo seas 5:6 sinisieicisie wees e/ecieie 79 
ed aaa RS Vteserelois;t/a,06 ia/a\s/araiesyaiewiniers 83 
Re 8 dayS...e ceccce cece cece scce veces 81 
“ ReeneRLOKe. Z: MUOMEE «5.40 a 0:5:4 o sicucosie es pews 190 


In summarizing the results as presented in this paper it may be 
said that it has been pointed out: (1) That the cementing power 
of rock powders is a property similar to the plasticity of clays. 
(2) That all rock powders that have cementing power show the 
same peculiar relation to water that is shown by substances that 
possess an amorphous colloid structure, 7. e., they can be dehy- 
drated and rehydrated, until, by prolonged high heating, the struc- 
ture is destroyed. 

It is not the intention of the writer to maintain that the gel- 
atinous mass in which silicic acid separates from a dilute solution 
is in any way comparable to a plastic clay mass. The question is 
purely one of the condition of the particles which go to make up 
the mass of plastic rock-powder or clay. In the opinion of the 
writer, particles which are entirely crystalline in their nature have 
nothing to do with plasticity except to act as a diluent. It is the 
amorphous particles which, by reason of their characteristic struc- 
ture, are able to absorb water and assume the condition which 
causes them to exhibit that coherence which in the mass we de- 
nominate plasticity. 

A series of clays which is at present being studied in this labor- 
atory according to the methods already described for obtaining 
the curves of Fig. 1, has given results which go to show that the 
more plastic a clay the more it exhibits the peculiar absorptive 
power. Before publishing the results, it will be necessary, how- 
ever, to collect evidence from a great number of different kinds of 
clays. To that end the writer will be grateful to any one who will 


send samples to this laboratory for comparison and study. 


ROAD MATERIAL LABORATORY, BUREAU OF CHEMISTRY, DEPARTMENT 
OF AGRICULTURE, WASHINGTON, D. C., February 14, 1903. 
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THE SOLUBILITY OF THE CHLORIDE, THE BROMIDE, AND 
THE IODIDE OF LEAD, IN WATER, AT TEM- 
PERATURES FROM 0° UPWARD. 


By D. M. LIcCHTY. 
Received March 5, 1903. 


THE solubility of lead chloride at 25°, as given by von Ende, is 
38.8 milligram-molecules or 10.678 grams per liter of solution, and 
therefore somewhat higher in 1000 grams of water. Ditte® gives 
the solubility in 1000 grams of water as 8 grams at 0°, 11.8 at 20°, 
17 at 40°, 21 at 55°, and 31 at 80°. The solubility was found to 
be higher at 20° than von Ende found it at 25°. According to 
Bell,® the solubility at 16.5° is 9.503 grams* in 1000 of water, 
while the solubility at the same temperature based on Ditte’s re- 
sults is about II grams in 1000 of water. The data on the solu- 
bility of the bromide and the iodide being even less satisfactory, 
the writer undertook to determine the solubility of these three 
salts at different temperatures from 0° upward. The purity of the 
salts used is attested by the results of analysis given later. Very 
pure water, such as is used in electric conductivity work, was em- 
ployed. 

The saturated solutions were prepared by making approximately 
saturated solutions at a higher temperature (generally by 10°) 
than the one at which the solubility was to be determined, and then 
placing these solutions in a bath at the desired temperature for 
about six hours. The considerable quantity of larger crystals 


.which always formed over the smaller crystals left undissolved in 


the bottom of the flask, served to show that the solutions had 
really been supersaturated with respect to the temperature of meas- 
urement. The flasks used for making the solutions had a capacity 
of 250 cc. and were immersed to the lip in the bath and stoppered. 
From these, calibrated glass-stoppered flasks (capacity 100 cc.) 
which were brought to the working temperature by weighing and 
immersing in the bath, were filled to a point slightly above the 
mark by means of a siphon and rubber bulb. After a few minutes, 


1 Ztschr. anorg. Chem., 26, 134 (1901). 

2 Compt. Rend., 92, 718. 

3 Chem. News, 16, 69. 

4 A saturated solution of lead chloride contains 0.9414 per cent. of the salt at 16.59, is 
the substance of Bell’s statement. 
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the solutions were carefully brought to the mark by means of a 
pipette. The flasks and their contents were then rapidly brought 
to the temperature of the room, dried and weighed, after which 
the solutions were transferred to weighed platinum dishes, evapo- 
rated and then dried at 180° for several hours. The evaporation 
proved very tedious, owing to the fact that on the surface of the 
solutions there collected a very thin film of crystals through which 
burst gas bubbles rising from the bottom of the dishes, thus caus- 
ing a small amount of the salt to be thrown out, which could be 
prevented only by very frequent stirring until the solutions 
were from one-half to three-fourths evaporated. 

The measuring flasks were calibrated either at 20° or 25°, andat 
all other temperatures corrections were made for either expansion 
or contraction. Each weight of solution was reduced to weight 
in vacuo, while the weight of the salt was not, the correction 
amounting at most to only 0.2 milligram. The data were reduced 
to solubility in grams and milligram-molecules per liter of solution 
and to grams and milligram-molecules per 100 grams of water. 
The densities compared with water at 4° C. were also calculated. 

The flasks chosen for measuring the solutions had necks of such 
diameter that a length of 10 mm. had a capacity of about 0.6 gram 
of water at 25° or 6 milligrams per 0.1 mm., so that the meniscus 
could be adjusted to + 10 milligrams or I part in 10,000 for water, 
and to a but slightly larger quantity for the solutions, whose den- 
sities did not differ much from the density of water. 

Below 45° the temperatures were maintained within less than 
0.1°, for 45° and 55° to about o.1°, for 65° and 80° within 
0.2°, and for 95° within 0.3°, the correct temperature being deter-’ 
mined by means of a standardized instrument, whose 0° and 100° 
points had not measurably altered since the standardizing. 


— 


= 


ANALYSIS OF SALTS. 


Gram 
Lead chloride taken... ..sccccccscecscess 0.3848 
Silver chloride obtained .-.......seeee cess 0.3970 
Silver chloride calculated.......+..+seeees 0.3971 
Lead bromide talzen .< o. 006s sce cece vecces 0.4468 
Silver bromide obtained .....+.-++ eee see 0.4572 
Silver bromide calculated. ....+..+ see. sees 0.4576 
Teeath 1Odide] tAken s 00s ie is:0:sc'csrewiew'ed. 905s + 0.2462 
Silver iodide obtained...........0+ sevees 0.2507 


Silver iodide calculated. .........e2. see. s+ 0.2510 
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TABLE I:—SOLUBILITY OF LEAD CHLORIDE IN MILLIGRAM-MOLECULES. 


Temper- Milligram-molecule per Milligram-molecule per Density referred 
ature. 100 cc. solution. Ioo grams water. to water at o”. 
0° 2.428 eeee 2.428 seta 1.00666 ean 
0° 2.415 2.421 2.415 2.421 1.00665 1.00665 
15° 3.266 waves 3.273 ata 1.00695 aes 
15° 3.264 3.265 3.271 3.272 1.00691 1.00693 
25° 3.878 tute 3.905 ieee 1.00726 awe 
25° 3.887 3.882! 3.901 3.903 1.00724 1.00725 
a6? 4.734 sees 4.768 eer 1.00602 sisters 
35° 4.732 4.733 4.766 4.767 1.00598 1.00600 
45° 5.580 setae 5.646 aaeis 1.00417 aes 
45° 5-578 5-579 5-642 5.644 1.00429 1.00423 
55° 6.484 sees 6.553 sees 1.00206 dana 
55° 6.488 6.486 6.594 6.573 1.00195 1.00200 
65° 7.498 ewe 7.655 aaa 0.99938 Pea 
65° 7-482 7-490 7-647 7.651 0.99928 0.99933 
80° 9-149 cove 9-439 sees 0.99465 sees 
80° 9.152 9.150 9.440 9-439 0.99484 0.99474 
95° 10.931 one 11.395 cece 0.98962 ewes 
95° 10.922 10.926 11.393 11.394 0.98921 0.98941 
100° Aen EE.52 sieiate 12.01 Noce sae 


TABLE II.—SOLUBILITY OF LEAD BROMIDE IN MILLIGRAM-MOLECULES. 


Temper- Milligram-molecule per Milligram-molecule per Density referred 
ature. too cc, of solution. 100 grams of water. to water at 0°. 
0° 1.242 tees 1.242 Pore 1.00435 eeeia 
o° 1.241 1,241 1.241 1.241 1.00431 1.00433 
15° 1.990 sees 1.991 sees 1.00525 cee 
5° 1.985 1.987 1.988 1.989 1.00536 1.00530 
25° 2.648 sees 2.658 SEL 1.00617 see 
25° 2.644 2.646% 2.652 2.655 1.00599 1.00608 
as” 3-589 cee 3.615 sees 1.00587 ones 
35° 3.566 3.577 3-592 3.603 1.00609 1.00598 
45° 4.704 tees 4.758 Saad 1.00601 aes 
45° 4.706 4.705 4.763 4.760 1.00586 1.00593 
55° 5-743 eee 5-840 coos 1.00449 ooee 
55° 5-719 5-731 5.814 5.827 1.00461 1.00455 
65° 6.870 nase 7.027 sees 1.00284 sees 
65° 6.849 6.859 7.006 7.016 1.00281 1.00282 
80° 8.812 sees 9.107 sees 1,00000 
80° 8.826 8.819 9.120 9.113 1.00007 1.00003 
95° 11.387 ars 11.890 orate 0.99948 aes 
95° 11,386 11.386 11.890 11.890 0.99945 0.99946 
100° sees 12.40 oreka 12.94 a ceuu 


1 Von Ende, 38.8 per liter. 
2 By extrapolation, see Fig. 1. 
3 Von Ende, 26.28 per liter. 
4 By extrapolation, see Fig. 1. 
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TABLE III.—SOLUBILITY OF LEAD IODIDE IN MILLIGRAM-MOLECULES, 


Temper- Milligram-molecule per Milligram-molecule per Density referred 
ature. 100 cc. of solution. Ioo grams of water. to water at 0°. 
0° 0.096 sees 0.096 cess 1.00057 see 
0° 0.096 0.096 0.096 0.096 1.00055 1.00056 
15° 0.132 sees 0.132 cece 0.99982 oeee 
16° 0.134 0.133 0.134 0.133 0.99984 0.99983 
25° 0.166 pasar 0.166 pace 0.99801 sears 
25° 0.165 0.165! 0.165 0.166 0.99795 0.99798 
35° 0.224 sees 0.225 tee 0.99498 cose 
35° 0.225 0.224 0.227 0.226 0.99518 0.99508 
45° 0.313 new 0.316 tenes 0.99158 sani 
45° 0.312 0.312 0.315 0.315 0.99149 0.99153 
55° 0.374 sees 0.380 tees 0.98729 sees 
55° 0.374 0.374 0.382 0.381 0.98717 0.98723 
65° 0.465 sees 0.474 sees 0.98264 ae 
65° 0.464 0.464 0.473 0.473 0.98272 0.98268 
80° 0.636 eoee 0.655 sees 0.97450 or 
80° 0.639 0.637 0.657 0.656 0.97454 0.97452 
95° 0.829 tees 0.860 siete 0.96689 Soe 
95° 0.827 0.828 0.858 0.859 0.96730 0.96709 
100°? ae 0.895 es 0.927 aleca Lee 


Mill.-mol. in 100 cc. solution. 





Temperature, 


Fig. 1. 

A comparison of the data in the three foregoing tables will at 
once show that the solubility curves based on milligram-molecules 
in 100 cc. of solution and those based on milligram-molecules in 
100 grams of water will be similar, the latter turning a little far- 


1 Von Ende, 1.59 per liter. 
2 By extrapolation, see Fig. 1. 
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ther away from the temperature axis than the former; it was 
consequently deemed sufficient to draw the curves for the former. 
Either the data or the curves show that at the lower temperatures 
the molecular solubility of the bromide is less than that of the 
chloride, but that the solubility of the former increases more 
rapidly with the temperature than does that of the latter, and that 
the solubilities are the same between 80° and 95°. ‘The curves 
show that the temperature of common solubility is 88.5° and the 
solubility 10.15 milligram-molecules. The solubility of the iodide 
is decidedly less than that of either of the other salts, not reaching, 
even at 100°, the same value as that of the bromide at 0°. 





Temperature. 


Fig. 2. 
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TABLE I1V.—SOLUBILITY BY WEIGHT. 
Chloride. Bromide. Iodide. 





Temper- Grams in 100 Gramsin 100 Gramsin too Grams in 100 Grams in Ioo Grams in 100 
ature. ce. solution. grams water cc. solution. grams water. cc. solution. grams water. 


o° 0.6728 0.6728 0.4554 0.4554 0.0442 0.0442 
7° 0.9070 0.9090 0.7285 0.7305 0.0613 0.0613 
26° 1.0786 1.0842 0.9701 0.9744 0.0762 0.0764 
35° 1.315 1.3244 1.3124 1.3220 0.1035 0.1042 
45° 1.5498 1.5673 1.7259 1.7457 0.1440 0.1453 
a 1.8019 1.8263 2.1024 2.1376 0.1726 0.1755 
65° 2.0810 2.1265 2.5161 2.5736 0.2140 0.2183 
80° 2.5420 2.6224 3.2350 3.3430 0.2937 0.3023 
95° 3.0358 3.1654 4.1767 4.3613 0.3814 0.3960 
100°! 3.208 3.342 4.550 4.75! 0.420 0.436 
At 0° the solubility of the chloride by weight is about one and 
one-half times that of the bromide; at 35°, their solubilities are 
practically equal and at 95° that of the chloride is about three- 
fourths of that of the bromide. 


DEPARTMENT OF GENERAL CHEMISTRY, UNIVERSITY OF 
MICHIGAN, ANN ARBOR, MICH., March, 1903. 


THE CARBOHYDRATE GROUP IN THE PROTEIN 
MOLECULE.’ 


By THOMAS B. OSBORNE AND ISAAC F. HARRIS. 


‘ Received February 25, 1903. 

Ir HAs been known for some time that certain complex sub- 
stances found in animal organisms, when decomposed with acids, 
yielded protein and carbohydrate bodies, together with other 
products. ‘These substances, known as mucins, mucoids, chondro- 
proteids, nucleins, hyalogen substances, etc., are generally re- 
garded as compounds in which the protein is united with some 
other complex organic group of which this carbohydrate is a part. 
Although several investigators long ago suggested the possible 
presence of a carbohydrate group in the protein molecule proper, 
no evidence of weight supported this view until Pavy,’? by hydro- 
lyzing coagulated ovalbumin, obtained a solution from which he 
prepared an osazone with a melting-point near that of glucosazone. 
In consequence of this discovery, Pavy concluded that his investi- 
gations brought “the extensive group of proteids of both the ani- 
mal and vegetable kingdoms of nature into the class of glucosides.” 

This announcement of Pavy’s led to numerous investigations 


1 By extrapolation, see Fig. 2. 
® From the laboratory of the Connecticut Agricultural Experiment Station. 
3 “ Physiology of the Carbohydrates.” 
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followed by many contradictory statements respecting the presence 
of the carbohydrate group in the protein molecule proper. It has, 
however, been definitely proved that several of the animal proteins 
which are not, at present, considered to be compounds of protein 
with non-protein substances, yield carbohydrate which has been 
identified with chitosamine, conalbumin, the globulins of egg 
white and of egg yolk. Chitosamine has been obtained from 
crystallized ovalbumin, serum albumin, and an osazone from the 
mixed globulins of the blood serum. From no other “simple” 
protein, so far as we can find, is it certain that carbohydrate has 
been directly obtained. 

The presence of a carbohydate group in the protein molecule is, 
however, generally assumed, because it is commonly supposed that 
all proteins, casein excepted, give Molisch’s reaction. ‘This is a 
furfurol reaction of great delicacy and is given by minute quanti- 
ties of all carbohydrates when decomposed with strong sulphuric 
acid, even though they, like the hexoses, yield but a small propor- 
tion of furfurol. As Molisch’s reaction has been applied to only 
a few of the vegetable proteins, we have tested a series of them in 
order to see if they, like the animal proteins, would all give this 
reaction. 

We have also attempted to determine quantitatively the amount 
of furfurol which these proteins yield, by boiling them with hydro- 
chloric acid (sp. gr. 1.06), collecting the distillate and precipita- 
ting with phloroglucin in the usual way. The aniline acetate test 
was also applied to the distillate, in order to detect any minute 
quantities of furfurol which it might contain. The results of these 
experiments are given in the following table, in which the proteins 
are arranged as far as possible in the order of the intensity of the 
Molisch reaction which they gave under practically the same con- 
ditions, which were the following: 

Ten milligrams of the protein were suspended in I cc. of water, 
2 drops of a 15 per cent. alcoholic solution of a-naphthol were 
added, and then 3 cc. of concentrated sulphuric acid. 

This method yields only approximately comparative results but 
is sufficient to show, in a general way, the relative intensity of the 
reaction. 

Those proteins which gave no Molisch reaction were also tested 
in larger quantity, but with perfectly negative results. 

The outcome of these experiments was as follows: 
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It is to be noted that several of these proteins gave no reaction 
whatever’ and thereforecontain nocarbohydrate ; thatalarger num- 
ber gave only a slight reaction, which, in view of the great delicacy 
of Molisch’s test, must be attributed to a slight contamination of 
the preparation with some carbohydrate; that the rest gave posi- 
tive reactions, some even stronger than was given by ovalbumin, 
which is known to contain a considerable amount of carbohydrate. 
From this we conclude that these latter may possibly contain a 
carbohydrate group. None of the proteins yielded any furfurol 
when boiled with hydrochloric acid, except ovalbumin, which 
showed a trace, and none of these, therefore, contain a measurable 
proportion of any pentose-yielding group. After these tests had 
been made, Grund? published the results of similar attempts to 
obtain furfurol from animal proteins, but with the same negative 
results. Whether those proteins which do not yield an osazone 
but which give a strong Molisch reaction actually contain a carbo- 
hydrate group cannot thus be determined. Mbolisch’s reaction is 
of such extreme delicacy that mere traces of carbohydrate are 
sufficient to cause a strong reaction, especially if these, like the 
pentoses and nucleic acids, yield large proportions of furfurol 
when hydrolyzed by acids. 

In order to determine the intensity of this reaction with small 
quantities of carbohydrates, we tried the following experiments: 

Cellulose.—o.5 milligram of filter-paper gives a very powerful 
reaction, much more intense than was given by any of the proteins 
tested. 

He-xose.—o.1 milligram of dextrose gave as strong a reaction as 
those marked strong in the table. 

Pentose.—o.1 milligram of arabinose gave a strong reaction; 
0.05 milligram a decided one. 

Furfurol._—o.o1 milligram gave a strong pink. 

Nucleic Acid.—o.5 milligram of nucleic acid gave a strong re- 
action, while 0.05 milligram gave one similar to those given by the 
proteins marked slight. 0.5 milligram of nucleic acid would cor- 
respond to a phosphorus content of 0.5 per cent., 0.05 milligram 
to 0.05 per cent. of the quantity of protein used in these tests—a 
quantity which would be readily detected. From these experi- 
ments it is evident that very small quantities of contaminating 


1 Erb (Ziéschr. Biol., 41, 309) has stated that edestin does not give Molisch’s reaction. 
2 Zischr. physiol. Chem., 3§, 111 (1902). 
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substances, many or all of which are liable to be present with the 
protein, especially in vegetable extracts, may be quite enough to 
cause a strong Molisch reaction. 

The evidence of a carbohydrate group in the protein molecule 
which Molisch’s reaction affords cannot, therefore, be accepted as 
conclusive, other evidence which shows that more than insignifi- 
cant quantities of carbohydrate are present being also necessary. 


[CONTRIBUTIONS FROM THE HAVEMEYER LABORATORIES OF COLUMBIA 
UNIVERSITY, No. 77.] 
~p-AMINOBENZONITRILE.' 

By MARSTON TAYLOR BOGERT AND LOTHAIR KOHNSTAMM. 

Received March 9, 1903. 


INTRODUCTORY. 


In the last edition of Beilstein’s “Handbuch,” Vol. II, p. 1273, 
three widely separated melting-points are recorded for p-amino- 
benzonitrile, namely, 74°, as reported by Engler ;? 110°, reported 
by Fricke ;* and 86°, reported by Griess.* In the recent German 
edition of “Roscoe and Schorlemmer,” and in Richter’s ‘‘Lexikon,” 
the preference is given to the figure 110°—why, we do not know, 
unless it is due to the usual inclination on the part of compilers of 
reference works to give the preference to the highest figure. As 
the matter is not cleared up in the recently issued supplement to 
“Beilstein” (Vol. II), and as we have not been able to discover 
anything in the literature which would further enlighten us, it 
seemed of interest to investigate the subject, and to determine if 
possible which of these widely divergent melting-points (if any, 
indeed, were correct) represented the real melting-point of )- 
aminobenzonitrile, especially as a further study of this nitrile and 
its derivatives was contemplated. 

The results obtained show quite clearly that the melting-point 
of 86°, as given by Griess,> is substantially correct. We have 
repeated the work of Engler, Fricke and Griess, and have also 
prepared the nitrile by a fourth method. The products obtained 


1 Read before the New York Section at its meeting May 20, r1go2. 

2 Ztschr. Chem. (1868), p. 613; Ann. Chem. (Liebig), 149, 297 (1869). 
3 Ber. d. chem Ges., 7, 1321 (1874). 

4 Jbid., 8, 861 (1875). 

5 Loc. cit. 
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by the various methods were identical in all respects, and melted 
sharply at 85.5°-86° (corr.). A few derivatives of the amino- 
nitrile were also prepared. 


EXPERIMENTAL, 


p-Nitrobenzonitrile—This was prepared from p-nitraniline by 
the Sandmeyer reaction, in a manner entirely analogous to that 
already described by Bogert and Hand? for the ortho compound, 
carbon tetrachloride being used to extract the crude nitrile from 
the accompanying mineral cyanides, and further purification being 
accomplished by crystallization from dilute acetic acid. The 
crystals thus obtained melted sharply at 147° (uncorr.). Fricke? 
and Hantzsch and Schultze® give the melting-point as 147°, while 
Sandmeyer* reports it as 146°. It will be noted that the melting- 
point of this nitrile is the same as that of the p-nitraniline from 
which it was prepared. We did not find the yield of nitrile to be 
nearly so large as in the case of the ortho compound. This is per- 
haps due to the formation of diazoamino® and biphenyl* com- 
pounds. The method recommended by Pinnow and Miller’ 
was also tried, but the yield was still less satisfactory. 
By the action of concentrated sulphuric acid, this nitrile may be 
changed to p-nitrobenzamide, melting-point 200° (uncorr.), as 
already observed by Claus.® 


Reduction of p-Nitrobenzonitrile by Engler’s Method.—Five 
grams of p-nitrobenzonitrile were dissolved in 100 cc. absolute al- 
cohol, 12 cc. hydrochloric acid (sp. gr. 1.2) added, and the reduc- 
tion accomplished by the use of 8 grams of granulated zinc, the 
mixture being allowed to stand for two days with frequent 
shaking. It was then filtered and the alcohol removed from the 
filtrate by distillation under diminished pressure. From the 
residual solution, on cooling, there separated a mass of fine 
needles, which were washed thoroughly with cold water (to re- 
move zinc salts) and added to a mixture of cracked ice and ether 

1 This Journal, 24, 1035 (1902). 

2 Loc. cit 

3 Ber. d. chem. Ges., 28, 666 (1895). 

* Jbid., 18, 1492 (1885). 

5 Schraube and Schmidt: Ber. d. chem. Ges., 27, 520 (1894). 

® Niementowski: /61d., 34, 3325 (1901). 


7 [bid., 28, 149 (1895). 
8 J. prakt. Chem. (2), §1, 399 (1895). 
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in a separatory funnel. Caustic alkali was then run in to alkaline 
reaction and the solution repeatedly extracted with ether. The 
ether extracts were combined, the ether distilled off, and the liquid 
residue placed over sulphuric acid in vacuo, where it soon solidi- 
fied in a crystalline mass. On recrystallization from water, long 
white needles were obtained, melting-point 85.5°-86°. 

Engler gives the melting-point of his product as 74°, and it 
is, therefore, quite evident that his material could not have been 
pure p-aminobenzonitrile. In his purification of the crude amino- 
nitrile he evaporated the alkaline solution of the free base until an 
oil separated upon the surface which solidified on cooling, and 
then recrystallized this until it showed a melting-point of 74°. 
That some saponification occurred in this evaporation of the alka- 
line solution seems more than likely, and Engler admits that the 
mother-liquors contained the sodium salt of what was apparently 
p-aminobenzoic acid. His product was probably a mixture, in 
spite of the fact that the percentage composition as ascertained by 
analysis corresponded with that calculated for p-aminobenzo- 
nitrile. 

Reduction of p-Nitrobenzonitrile by Fricke’s Method.—We have 
found it more convenient, in carrying out this process, to use alco- 
hol, although Fricke does not mention this in his description of 
the method. Five grams of the nitronitrile were dissolved in 100 
cc. of absolute alcohol and reduced with 10 cc. of glacial acetic 
acid and 10 grams of granulated tin, adding a few drops of platinic 
chloride to start the reaction. Several days were required for 
complete reduction. The tin was then precipitated by hydrogen 
sulphide, the filtrate neutralized with sodium carbonate and 
evaporated to dryness, the residue extracted with ether, and the 
ethereal extracts evaporated in vacuo. The crystals thus obtained 
were recrystallized from water, then appearing as long white 
needles, melting-point 85.5°-86°, and identical with the reduction- 
product from Engler’s method. Fricke reports the melting-point 
of his product as 110°. From his method of purifying the crude 
material (which is not given in the article quoted, but appears in 
his dissertation)! it is difficult to determine the particular com- 
pound or mixture which he had in hand. It seems manifest, how- 
ever, that his product was not pure p-aminobenzonitrile as he 


believed. 
1 Inaugural Dissertation Gottingen, 1874, ‘‘ Ueber Nitro- and Amido-Benzonitrile.”’ 
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Preparation of p-aminobenzonitrile by Griess’s Method.— 
Twenty grams of p-uraminobenzoic acid was distilled with phos- 
phorus pentoxide, and the impure p-aminobenzonitrile thus pro- 
duced was purified by recrystallization from water, until the melt- 
ing-point remained constant at 85.5°-86°, the purified substance 
being identical in all respects with the p-aminobenzonitrile already 
described. Our results, therefore, agree entirely with those of 
Griess. 


Reduction of p-Nitrobenzonitrile by Stannous Chloride and 
Hydrochloric Acid.—The reduction of the nitronitrile in this case 
was carried out exactly as outlined by Bogert and Hand? for the 
ortho compound. The crude aminonitrile, crystallized from 
water, formed long white needles, melting at 85.5°-86°, and iden- 
tical with the p-aminobenzonitrile obtained by the other methods. 
In this reduction, care must be taken to make sure that the reaction 
is complete, as the tendency to separate intermediate reduction 
products (azoxy-, hydroxylamino-derivatives, etc.) appears to be 
greater than with the orthonitronitrile. 

Some of the pure material, obtained by this latter method, was 
analyzed with the following results: 





Found. 
Calculated for C;H,Ne. i: II. III. IV. ¥. 
Carboti.«< oscses 71.18 20.1% F839 
Hydrogen -...-.- 5-09 5-19 5.18 owe rere 
Nitrogen .....--- 23.72 wees sees «=: 23.88) 23.53 23.70 


‘Properties of p-Aminobenzonitrile—Long white or colorless 
prisms, or compact glassy tablets. Large crystals may be obtained 
from a mixture of chloroform and petroleum ether, by careful 
evaporation. The melting-point is 85.5°-86° (corr.), and is not 
changed by further crystallization. It is very difficultly soluble in 
petroleum solvents, cold or hot; difficultly soluble in cold water, 
moderately soluble in hot; difficultly soluble in cold carbon bisul- 
phide or carbon tetrachloride, slightly soluble in the same at their 
boiling-points; apparently insoluble in cold oil of turpentine, but 
dissolves readily on boiling; very easily soluble in methyl alcohol, 
ethyl alcohol, isoamyl alcohol, ether, ethyl acetate, ethyl nitrate, 
benzene, chloroform, acetone, or glacial acetic acid; apparently 
insoluble in concentrated hydrochloric acid, difficultly soluble in 


1 Loc. cit. 
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dilute; unattacked by cold concentrated caustic soda, but decom- 
posed by it on boiling. 

Through the kindness of Dr. Austin Flint Rogers, of the De- 
partment of Mineralogy of Columbia University, the following 
crystallographic data are appended: 


Monoclinic system. @:6:¢ = 1.7475 : 1 : 1.4573. B= 47°50’. 
Forms: a (100), 4 (010), ¢ (oor), m (110), x (ror). 
Observed. Calculated. 


mm’ (110: 110) (6) 75°20! 

ac  (100:o001) (6) 47°50! 

cr —_ (oor : Tor) (3) 54°32! poise 
am (100:110) (8) 52°94! 52°20! 
cm (oor: 110) (6) 65°42! 65°47' 


Crystals rhomboidal in shape, tabular parallel to c; often quite 
elongate in the direction of the b axis. Faces c and m dominant ; 
a, b and r, subordinate, the two latter faces usually rounded. 


Ye 


Cleavage a perfect, b less so. The figure given above is an 
orthographic projection, with (010) as the plane of projection. 

Chloride of p-Aminobenzonitrile—This was prepared by dis- 
solving the nitrile in dry ether and passing in dry hydrochloric 
acid gas. It separated immediately as a white crystalline precipi- 
tate. The determination of hydrochloric acid in this salt invariably 
gave low results, even when freshly precipitated, washed with 
absolute ether, and dried in vacuo over sulphuric acid. 

p-Acetaminobenzonitrile-——The aminonitrile was boiled with 
acetic anhydride for a few hours and the crude product crys- 
tallized from water. Fine white needles, melting-point 200°. 
Percentage of nitrogen found by analysis, 17.52; required for 
CH,CONHC,H,CN, 17.50. 





VM 
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p-Propionaminobenzonitrile.—This was prepared by heating the 
aminonitrile for several hours with propionic anhydride, and crys- 
tallizing the crude product from water. It forms crystals melting 
at 169°. Percentage of nitrogen found by analysis, 16.09; calcu- 
lated for C,H;CONHC,H,CN, 16.06. 

p-Aminobenzamide.—The aminonitrile was warmed for some 
time at 50° with alkaline hydrogen dioxide solution. On cooling, 
white crystals separated, melting-point 178°-179°. Not sufficient 
of the material was prepared for further purification, so that the 
melting-point as given is probably low. Reichenbach and Beil- 
stein? report the melting-point of p-aminobenzamide as 178°-179°, 
but Remsen and Reed? give the corrected melting-point as 182.9°. 

p-Aminobenzthiamide, H,NCSC,H,CN.—The aminonitrile was 
dissolved in alcohol, the solution saturated at 0° with dry ammonia 
and dry hydrogen sulphide, and then heated in a sealed tubeat 100° 
for several hours. The crystals obtained, when purified and dried, 
showed a melting-point of 172°. Engler® gives the melting-point 
of p-aminobenzthiamide as 170°. 

The study of p-aminobenzonitrile and of its derivatives is being 
continued. 


ORGANIC LABORATORY, HAVEMEYER HALL, COLUMBIA 
UNIVERSITY, March, 1903. 


[CONTRIBUTIONS FROM THE SHEFFIELD LABORATORY OF YALE UNI- 
VERSITY. ] 


ON THE MOLECULAR REARRANGEMENT OF THIOCYAN- 
ACETANILIDES INTO LABILE PSEUDOTHIOHY- 
DANTOINS; AND ON THE [MOLECULAR 
REARRANGETDIENT OF THE LAT- 

TER INTO STABLE 
ISOMERS. 


By TREAT BALDWIN JOHNSON. 
Received March 1, 1903. 


[SECOND PAPER. | 
In a previous paper from this laboratory by Wheeler and John- 
son,* it was shown that a thiocyanacetanilide is capable of a 


1 Ann. Chem. (Liebig), 132, 137 (1864). 

2 Am. Chem. J., 21, 281 (1899). 

3 Zischr. phys. Chem., 1868, p. 613; Ann. Chem. (Liebig), 149, 297 (1869). 
4 Am. Chem. /., 28, 121 (1902). 
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metastatic change into a labile pseudothiohydantoin, and then into 
a stable isomer. 


CH,.SCN  CH,—S CH,—S 


| | | | 
(ee) + CO C=NH + CO C=NR. 


™% i ba 
NHR NR NH 
Three possible formulas, which might be assigned to the 
labile pseudothiohydantoins, were considered by us, but no con- 
clusive experimental evidence was produced that established any 
one of these structures: 


CH,—S CH,—S CH,———_S 
4 en ae 
CO €C=8H, BOC-N=—cC, C— O ——.. 
i af ee - 
NR NR a 
NR 
ie If. ET. 


The structure of the stable phenylpseudothiohydantoin was 
definitely established by the fact that unsymmetrical benzylphenyl- 
thiourea and ethylchloracetate gave the same compound as was ob- 
tained by treating the stable phenylpseudothiohydantoin with 
alkali and benzyl chloride, showing that the phenyl group is 
attached to the nitrogen outside the ring. ‘This formula was as- 
signed to the phenylpseudothiohydantoin by Dixon.* 

As we were obliged to discontinue our investigation of this 
interesting rearrangement on account of lack of time, we stated 
that we would continue the research at the opening of the next 
college year. The work was again taken up in this laboratory 
this year with the intention of examining the behavior of potas- 
sium thiocyanate with other chloracetanilides, and incidentally 
gaining more definite knowledge of the structure of the labile 
phenylpseudothiohydantoins. , 

The additional chloracetanilides, which have been studied, have 
been chloracet-8-naphthalide, chloracet-m-xylidide, chloracet-m- 
nitranilide, and chloracet-p-bromanilide.* All of the products 


1 J. Chem. Soc. (london), 71, 620. 

2 **Chloracetparabromanilide suggested itself as a suitable anilide to examine in con- 
nection with our work. This was assigned to Mr. H. S. Bristol for investigation, but 
owing to its poisonous character he was, unfortunately, compelled to stop the investigation. 
All of the chloracetanilides that we have examined have attacked the skin in a very dis- 
agreeable manner, producing symptoms of the same nature as ‘ poison ivy.’ This anilide 
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obtained have been examined as in the previous paper,? in regard 
to their behavior towards thiolacids and alkali, and also their be- 
havior on heating. The reactions enumerated have served to de- 
termine whether we were dealing with a thiocyanate or a labile 
hydantoin. 

What structure is to be assigned to the intermediate products 
formed in these rearrangements is still left undecided. It is a 
curious fact that there is no uniformity in the action of potassium 
thiocyanate on the different chloracetanilides. In one case it is 
the thiocyanate that has the greater tendency to form, while in 
another, it is the labile hydantoin. Of the chloracetanilides ex- 
amined in this paper not one has reacted smoothly with potassium 
thiocyanate, and given all the three possible products of the reac- 
tion. In the metaxylyl derivatives the thiocyanate and stable hy- 
dantoin were the only products identified, while from chloracet- 6- 
naphthalide the thiocyanate was missing, and only the labile and 
stable hydantoins were obtained. From chloracet-m-nitranilide 
only one product was identified; this had all the properties of a 
labile hydantoin. 

EXPERIMENTAL PART. 
By W. K. WALBRIDGE. 

Chloracet-B-Naphthalide, CICH,CONHC,,H,.—This body was 
obtained by treating chloracetyl chloride with 6-naphthylamine. 
It was moderately soluble in benzene, very soluble in alcohol, but 
insoluble in water. It is best purified by crystallizing from dilute 
alcohol, from which it separates in rosettes or fine needles, and 
melts when pure at 117°-118°. <A nitrogen determination gave: 


Calculated for 
Ci2H}ONCI. Found. 


Nitrogen. o-ccccescocecccccscccccecccces 6.38 6.42 

Labile $- Naphthylpseudothiohydantoin.— Chloracet-f-naph- 
thalide and potassium thiocyanate reacted immediately when boiled 
in alcoholic solution. Ten grams of the chloracetnaphthalide and 
molecular proportions of potassium thiocyanate were boiled in 30 
cc. of alcohol for ten minutes; after filtering from: potassium 
chloride, small prisms immediately separated, which melted at 
147°, after recrystallization from alcohol. A nitrogen determina- 


proved to be a most violent poison. It seemed to attack the connecting tissue beneath the 
skin, causing a superficial oedema, and thence transmitted to the blood, causing a/bumin- 
urvia. The itching did not entirely disappear for over a month.” 

1 Loc. cit. 
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tion agreed with the calculated for a-keto-u-imino-N-f-naphthyl- 


tetrahydrothioazole. 


Calculated for 
Cy3H;pON2S. Found. 


Nitrogen. .....esccececceecsesceecceees 11.57 11.62 

Several attempts were made to isolate a lower melting isomer 
by shortening the time of heating, and using varying quantities of 
alcohol, but no evidence was obtained of any body being formed 
here except the one isolated melting at 147°, and the stable 
naphthylpseudothiohydantoin. 

Action of Thioacetic Acid.—That we were dealing here with a 
labile hydantoin and not with the first product of the reaction—a 
thiocyanate—was shown by the action of thioacetic acid. Three 
grams of the hydantoin and the calculated quantity of thioacetic 
acid were boiled in 35 cc. of dry benzene for about two hours. 
Much hydrogen sulphide was evolved during the reaction. The 
reaction-product, which crystallized out on cooling, was purified 
by recrystallizing from benzene; it separated in the form of 
needles and melted when pure at 139°-140°. A nitrogen deter- 
mination agreed with the calculated for a-keto--acetimino-N-f- 
naphthyltetrahydrothiazole. 


Calculated for 
Ci5Hy202NeS. Found. 


Nitrogen ...sscsesccccces csccccccscccces 9.86 9.76 

8-Naphthylacetthiohydantoic Acid.—Accompanying the thi- 
azole derivative described was a small amount of insoluble ma- 
terial, which was purified by repeatedly boiling with fresh ben- 
zene. It melted with effervescence at temperatures varying from 
167° to 173° according to the rapidity of heating. The behavior 
on melting, its insolubility in the ordinary solvents, and a nitrogen 
determination identified this body as naphthylacetthiohydantoic 
acid. 


Calculated for 
Ci5H4O3N2S. Found. 


Nitrogen. .....seeeeereccecrcsececcevecs 9.27 9.32 

Behavior on Heating: Stable B-Naphthylpseudothiohydantoin.— 
The labile naphthylpseudohydantoin showed no strong ten- 
dency to pass over into the stable isomer. After heating the dry 
material for several hours in a boiling water-bath unaltered 
material was obtained. When the hydantoin melting at 147° was 
completely melted in an oil-bath, and heated for from ten to fifteen 
minutes at 140°-150°, a black, vitreous cake was obtained on cool- 
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ing, from which the impure stable hydantoin was obtained. A 
smooth rearrangement could not be obtained in this way—the de- 
composition products interfering with the purification of the stable 
hydantoin. When the labile hydantoin was boiled for three and 
one-half hours in dilute alcohol it was converted very smoothly 
into the stable hydaiitcin, melting when pure at 213°-214°, with 
decomposition. A small amount of the hydantoic acid is also 
formed at the same time. 

B-Naphthylpseudothiohydantoic Acid.—This acid was prepared 
by boiling, for one hour, an alcoholic solution of ammonium 
chloracetate and #-naphthylthiourea. The hydantoic acid sepa- 
rated as an amorphous body and melted with effervescence at 
temperatures varying from 195°-230° according to the rapidity 
of heating. It is insoluble in the ordinary solvents. A nitrogen 
determination gave: 


Calculated for 
Ci3H}202N2S. Found. 


Nitrogen. ...ee cece reece cecececceces 10.77 10.86 
Stable f-Naphthylpseudothiohydantoin.—This hydantoin was 
prepared by warming the preceding hydantoic acid on the water- 
bath with glacial acetic acid for four hours. Water precipitated 
the hydantoin. It was difficultly soluble in benzene, but crystal- 
lized from alcohol in fine needles, and melted when pure at 213°- 

214°, with decomposition. A nitrogen determination gave: 


Calculated for 
Cy3HpONS. Found. 


Nitrogen. ..-.+sceeeesecececcecescceces 11.57 11.65 

This stable hydantoin was always deposited during the sponta- 
neous evaporation of the alcoholic filtrates in the preparation of the 
labile hydantoin. We also observed that the labile hydantoin 
could be converted very smoothly into the stable hydantoin by 
boiling for a few minutes with strong hydrochloric acid. 

Action of Alkali on the Stable Hydantoin—The stable hydan- 
toin dissolves very easily in warm sodium hydroxide solution. 
When cooled, the alkaline solution deposits the sodium salt of the 
stable hydantoin in the form of brilliant spangles. Acetic acid 
precipitates again the unaltered hydantoin. 

Action of Acetic Anhydride—When the stable /-naphthyl- 
pseudothiohydantoin was warmed for fifteen minutes in the water- 
bath with an excess of acetic anhydride a thick paste was obtained ; 
after pouring into water a thick amorphous deposit resulted, which 
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was very soluble in alcohol, and reprecipitated by water as an oil. 
The product was finally obtained pure by crystallizing from ben- 
zene, from which it separated in fine needles, and melted sharply 
at 142°-143°. A nitrogen determination agreed with the calcu- 
lated for a monoacety! derivative, a-keto-pu-B-naphthylimino-N- 


acettetrahydrothiazole. 
Calculated for Calculated for 


Monoacetyl— Diacetyl— 
Ci5H1202NeS. Cy7Hy4O3NoS. Found. 
Nitrogen ...-- esse eeeeeerree 9.86 8.59 10.27 


A quantitative determination of the acetyl groups was made by 
saponification with standard potassium hydroxide, and titrating 
the excess of free alkali with standard hydrochloric acid. 


Calculated for Calculated for 
(CH;CO), ,({CH3CO—)>. Found. 


15.14 26.37 12.52 
a-Keto-B-benzilidene--Naphthyliminotetrahydrothiazole.— 
This was obtained by warming in the water-bath, for five hours, 
the sodium salt of the stable hydantoin with molecular proportions 
of benzaldehyde in alcoholic solution. It separated from the hot 
alcohol solution as pale yellow plates, and melted at 272° with 


slight effervescence. A nitrogen determination gave: 


Calculated for 
CopH14ON2S. Found. 


Nitrogen......seee- 5 ei pila iam tate 8.48 8.43 
By D. F. MCFARLAND 
Chloracet-m-xylidide, 
CICH,CONHC,H, (CH; ),.,(CH;,CH;,NH,1,3,4). 
—This body was obtained by the action of chloracetyl chloride on 
m-xylidine. It crystallized from alcohol in the form of needles 
and melted at 151°-152°C. It is very soluble in alcohol, and 
moderately soluble in benzene. A nitrogen determination gave: 


Calculated for 
CioH}20NC1. Found. 


Nitrogen ..cecesscccseccccsccccccscssnns 7.09 7.26 

Normal Thiocyanacet-m-xylidide, NCSCH,CONHC,H,(CH,)>.. 
—When chloracet-m-xylidide was boiled with a slight excess of 
potassium thiocyanate in alcoholic solution for twenty minutes, 
water precipitated from the alcoholic solution unaltered chloride. 
After evaporating the aqueous solution im vacuo a fair quantity of 
brilliant prisms separated, which were quite soluble in alcohol, 
ether, and benzene, and melted at 98°. A nitrogen determination 
agreed with the calculated for thiocyanacet-m-xylidide. 
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Calculated for 
Ci, H}2ON2S. Found. 


Nitrogen ......-seeesecccesccccccce sees 12,72 12.97 
By further evaporation of the mother-liquor a white granular 
substance separated, which was insoluble in the ordinary solvents 
and melted with effervescence at about 179°. This was identified 
as m-xylylthiohydantoic acid, identical in properties with that pre- 
pared for comparison from m-xylylthiourea and ammonium chlor- 
acetate. We made attempts to obtain larger yields of the thio- 
cyanate by boiling the chloracet-m-xylidide with potassium thio- 
cyanate in alcoholic solution for a longer time, but while less un- 
altered chloride was obtained by such treatment, the amount of 
thiohydantoic acid formed was increased, while the yield of thio- 
cvanate was decreased. 


Action of Thioacetic Acid.—When the thiocyanate melting at 
98° was boiled with thioacetic acid in benzene solution for a few 
hours and then allowed to evaporate, a varnish was obtained, 
which dissolved immediately in cold sodium hydroxide solution. 
Acetic acid precipitated a mixture of the thiohydantoie acid melt- 
ing at about 180°, and a yellow crystalline body which crystallized 
from alcohol and melted fairly sharp at 162°. Not enough of 
this was obtained for complete purification and analysis, but its 
color and solubility in alkali served to identify it as a dithio- 
urethane. 

Behavior on Heating.—This thiocyanate proved to be very 
stable when heated in a dry state in the boiling water-bath. After 
twenty-six hours’ heating, it finally completely solidified to a dark 
red colored body; on crystallizing this from alcohol it separated 
in clusters of fine needles and melted at 157°, the melting-point 
found for the corresponding stable m-xylylpseudothiohydantoin. 
A similar rearrangement was obtained when the thiocyanate was 
heated for one hour in an oil-bath at 145°. A brown mass was 
obtained from which was isolated the stable hydantoin. 

No indications of the formation of any intermediate labile hy- 
dantoin were observed during these experiments. Several at- 
tempts were made to isolate a labile hydantoin by boiling the thio- 
cyanate in ether and benzene, but no great change in the melting- 
point was observed after boiling for seven or eight hours. Slight 
decomposition usually took place on prolonged boiling. In its 
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behavior on heating, this thiocyanate is similar to the isomeric 
thiocyanacetorthoxylidide examined in a previous paper.’ 

m-Xylylthiohydantoic Acid.—This acid was made by boiling 
ammonium chloracetate with m-xylylthiourea in alcoholic solution. 
It separated as a fine white powder, was practically insoluble in 
the ordinary organic solvents, and melted with effervescence at 
about 179°-180°. A nitrogen determination gave: 


Calculated for 
Cy Hy 4O2N0S. Found. 


Nitrogen ...csecsecceccecce secceccccees 11.76 12.40 
Stable m-Xylylpseudothiohydantoin.—This hydantoin was ob- 
tained by heating the above hydantoic acid with glacial acetic acid 
on the water-bath. It was easily dissolved by hot alcohol, but 
crystallized on cooling in clusters of needles, which melted at 
157°. A nitrogen determination gave: 


Calculated for 
C)1;H}2ON2S. Found. 


Nitrogen. .eeeeceeece reece eceeecececeee 12:72 12.52 

Action of Alkali_—When the stable hydantoin was warmed with 
sodium hydroxide solution it easily dissolved; on cooling, beauti- 
ful glistening plates of the sodium salt separated, which gave no 
definite melting-point. 

Action of Acetic Anhydride.—When the stable m-xylylpseudo- 
thiohydantoin was heated with acetic anhydride at 100° for about 
forty-five minutes a strong red colored solution resulted. Water 
precipitated a semi-solid which was purified by crystallizing from 
alcohol. It separated in granular crystals and melted at 165°- 
166° with slight decomposition. A nitrogen determination agreed 
with the calculated for a monacetyl derivative of the thiohydan- 
toin. 


Calculated for 
Ci3H)4O2NoS. Found. 


Nitrogen s Fatare catatta late wite nowt Sidiate cae eib ww acararoreiare 10.68 10.69 
In respect to their behavior with acetic anhydride the stable 
8-naphthyl- and m-xylylpseudothiohydantoins are to be classed 
by themselves in that they both gave monoacetyl derivatives. Of 
the stable hydantoins discussed in a previous paper,? three— 
phenyl, orthotolyl, and paratolyl—gave diacetyl derivatives when 
treated in the same way. 


1 Loc. cit. 
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By W. B. CRAMER. 
Chloracet-m-nitroanilide, CICH,CONHC,H,NO,.—This anilide 
was prepared from chloracetyl chloride and m-nitroaniline. It 
crystallized from alcohol in plates and melted at ro1°-102° C. A 


nitrogen determination gave: 


x for 
C3H;03N.Cl. Found. 


Nitrogen. ...0- see cece ccceeecccece cece 13. ‘04 13.03 
Labile m-Nitrophenylpseudothiohydantoin.—This body was 
obtained by boiling in benzene chloracet-im-nitroanilide with potas- 
sium thiocyanate for twenty minutes. It crystallized from alcohol 
in the form of plates and melted at 183°-184° C. A nitrogen de- 


termination gave: 


Calculated for 
CaH;N;035. Found. 


Nitrogen. ..... cece ceccss cece cecccs sees 17.79 17.60 
Action of Alkali. _ This hydantoin melting at 183°-184° dis- 
solved in cold sodium hydroxide solution. On neutralizing with 
acetic acid a mass of needles separated. They were purified by 
crystallizing from benzene and melted at 133°-134° C. A nitro- 
gen determination agreed with the calculated for m-nitrophenyl- 
cyanamide. 


Calculated for 
C;H;N 30s. Found. 


NitrOSOn sissies 0500s sicesesevccsasdeess 25.78 25.57 


NEW HAVEN, CONNECTICUT, 
February 28, 1903. 


{CONTRIBUTION FROM THE CHEMICAL LABORATORY OF THE NORTH 
CAROLINA DEPARTMENT OF AGRICULTURE. ] 


METHODS FOR THE DETERMINATION OF TOTAL PHOS- 
PHORIC ACID AND POTASH IN SOILS. 


By C. B. WILLIAMS. 


Received February 9, 1903. 

AGRICULTURAL chemists have seemingly, in recent years, placed 
too little stress upon the determination of total plant food in soils, 
as a knowledge of the quantity present is necessary for a thorough 
understanding of the potentialities, culture methods, and fertilizer 
requirements of any soil, as well as entering vitally into the inter- 
pretations given availability results. With these facts in mind, 
the writer has, during the past summer, devoted some time to 
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modifying well-known analytical methods to a reasonably rapid 
basis for the determination of total phosphoric acid and potash in 
soils. 


STUDY OF DIFFERENT SOLVENTS FOR PHOSPHORIC ACID. 


The results of work with the action of different solvents on 
phosphoric acid are incorporated in Table I, and it will be seen 


TABLE I.—COMPARISON OF METHODS FOR EFFECTING SOLUTION OF SOII, 
PHOSPHORIC ACID WHEN IO GRAMS SOIL ARE EMPLOYED. 


Digested in Kjeldahl flask 1 1/2 hours. 








Treated s 
three times With 50 cc. 
with HF With HCI fol- With 
and then Heated on water-bath 50 cc. lowed by 40 cc. 
fused with for 1 1/2 hours. HCl + With digestion HCl + 
Io grams ; » goer. 50 cc. thr with I gram 
Na,CO;— With 30cc. With z30cc. HNO; HCl. Per 1tocc.HNO;. KCI1Oz3. 
Soil. KeCO3. Per HCl. Per HNOs. Per Per cent. cent. Percent. Percent. 
No. cent. PeO;. cent. P20;. cent. PoO;. P.O;. P2O;. P2O;. P2O;. 
‘ 0.0330 0.017 0.016 0.017 0.017 
0.017 0.015 . cece : erataig 
a 0.0292 { 0.017 0.014 0.017 0.016 0.015 0.016 
l 0.045 0.014 0.017 aatete Fase 0 O17 
3 —— 0.016 0.014 0.013 0.015 0.015 0.014 
0.015 0.014 Sales sare avers 0.012 


that the results obtained by the last six modes of treatment are 
practically identical, and uniformly low, while those by the hydro- 
fluoric acid-fusion method,’ are perceptibly higher. Fusion of 
the residues from treatment by the last six methods invariably 
gave a slight test for phosphoric acid, while, of course, this was 
not true of the first method, as the residues were entirely decom- 
posed by fusion with sodium and potassium carbonates.? The 
soils were ignited before treatment by the first four methods, but 
not with the last three. 

As the hydrofluoric acid-fusion method gave results uniformly 
higher, and representing, we think, all the phosphoric acid in the 
soil, it has been adopted for the determination of total phosphoric 
acid in soil survey work in North Carolina. It might be objected 
that higher results by this method are due to the possible presence 
of ammonium silicomolybdate, as in the dehydration of silica from 
the fusion with sodium and potassium carbonates there was only 
one evaporation to dryness; but this would seem unfounded, as 


1 Vide Fresenius, ‘‘Quantitative Analysis,” pp. 424-426. 
2 Jbid., pp. 422-424. 
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silica gives no reaction in the cold,’ and only a strong yellow 
coloration upon heating. 


DETERMINATION OF PHOSPHORIC ACID VOLUMETRICALLY VERSUS 
GRAVIMETRICALLY. 


The volumetric method used is described in this Journal, 23, 
8-12,” while the gravimetric one employed is the regular official 
method of the Association of Official Agricultural Chemists. For 
a test of the relative merits of these two methods of estimating 
phosphoric acid in soils, where the quantity usually is less than 0.1 
per cent., twelve soils ( Nos. 23-24) were employed, using solutions 
obtained by digestion in the water-bath for ten hours with 1.115 
sp. gr. hydrochloric acid, shaking thoroughly each hour. The 
quantity was determined separately in each twelve original and 
duplicate soils, the total amount from the twelve originals being 
0.0260, and from duplicates 0.0280 gram. When the totals of the 
originals and duplicates were dissolved separately with hydro- 
chloric acid, and redetermined by precipitation with magnesia 
mixture 0.0199 gram phosphoric acid for originals and 0.0198 for 
duplicates were obtained. 

Results on the same twelve soils by the volumetric method, 
making determinations separately and adding, gave originals 
0.0210 gram phosphoric acid and duplicates 0.0193 gram, which 
are very close to the composite original and duplicate gravimetric 
results. 

In the light of these results, the volumetric method is considered 
by far the most accurate for soil work where the percentages of 
phosphoric acid are usuaily very low. 


SOLUTION OF" POTASH IN SOILS. 


Results in Table II on soils Nos. 1, 2, and 3 indicate that after 
ignition and evaporation with hydrofluoric acid five times it is 
unnecessary to fuse with sodium carbonate, as all potash-bearing 
silicates have been decomposed, leaving the potash in a form that 
is easily dissolved by the treatment subsequently given it in the 
method described elsewhere in this paper. 


1 Fresenius’ ‘Qualitative Analysis,” p. 332. F. P. Veitch states, however, that silicic 
acid gives a yellow coloration in the cold (private communication). 

£ Vide this Journal, 15, 382; /. Frank. Jnst., 136, 362; U.S. Dept. of Agriculture, Div. 
of Chem., Bull. 43, pp. 68-97; /d7d., Bull. 47, pp. 62-82; /d7d., 49, pp. 60-77; /bid., 51, pp. 47-56 ; 
Jbid., Bull. 56, pp. 36-48;3/dzd., Bull. 62, pp. 35-41; /dzd., Bull. 56, pp. 36-48; /é7d., Bull. 67, pp. 
22-26. 
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TABLE II. 


Treated five times with HF, 
Treated five times with HF. followed by fusion with 


Soil. No. Per cent. K,O. NaeCO3. Per cent. K2O. 
I 0.204 0.216 
0.242 © 242 
. 0.232 0.232 
0. 187 0.190 
3 { 0.180 0.191 


It might be said here that the reason for using the first evapora- 
tion with sulphuric acid in the potash method is that a preliminary 
test upon soils Nos. 6, 11, 13, 15, and 16 worked in duplicate 
indicated that there was a slight loss in potash if the soils were not 
saturated with this acid before ignition; the loss probably occurs 
principally from the volatilization of potash in organic combina- 
tion. | 

MOORE’S METHOD.” 

With reference to the method of Moore for the determination of 
total potash in soils I found that as long as the combined amount 
of iron and alumina remained as low as 2 or 3 per cent., it works 
very well, although in my hands giving slightly low results, but 
when from 8 to 12 per cent. of iron and alumina are present, 
trouble comes from caking upon evaporation to a pasty constitu- 
ency with platinic chloride, the cake not being dissolved by 
Moore’s acid alcohol, even after standing two or three days.. 


METHOD FOR THE DETERMINATION OF TOTAL PHOSPHORIC ACID 
IN SOILS. 

Five grams of soil prepared by passing through a sieve with 
apertures 0.5 mm. in diameter are placed in a platinum dish and 
ignited until organic matter has been destroyed ; then treated three 
times with hydrofluoric acid, evaporating to dryness each time on 
a water-bath, using a platinum rod to stir upon each addition of 
acid. The residue thus obtained is mixed with Io grams of a 
mixture of equal parts of sodium and potassium carbon- 
ates, and reduced in an agate mortar to a fine powder, after 
which it is heated over a blast-lamp, gently at first, until the mass 
has completely agglutinated, when stronger heat is turned on and 
continued until calm fusion is attained. Then cool and place the 
dish and its contents in a beaker, and add sufficient (1:1) hydro- 
chloric acid to cover the dish. Place on a water-bath and digest 


1 U. S. Department of Agriculture, Bureau of Chemistry, Circular 9, pp. 5-7. 
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until the mass has thoroughly loosened from the dish, after which 
it is removed. Evaporate to dryness on a water-bath and thor- 
oughly dehydrate the silica present by finishing the heating in an 
air-bath at 110° C. for four or five hours. Take up with dilute 
hydrochloric acid and digest on water-bath for twenty to thirty 
minutes, after which filter from silica, washing the same thor- 
oughly to remove last traces of phosphoric acid. ‘To the filtrate is 
added sufficient nitric acid to liberate all hydrochloric acid, and the 
solution is evaporated to a volume of about 40 cc. ‘Then neu- 
tralize the excess of nitric acid with ammonia, and add 10 to 12 
grams of ammonium nitrate. After cooling, 30 cc. of recently 
filtered molybdic solution are added and the phosphoric acid pre- 
cipitated by shaking in a Wagner machine, and determined volu- 
metrically. 


METHOD FOR THE DETERMINATION OF TOTAL POTASH IN SOILS. 


After saturating 4 grams of soil in a platinum dish 
thoroughly with dilute (1:1) sulphuric acid, dispel the 
excess of acid by gentle heat over a low flame, exer- 
cising care that no loss occurs from spurting. Next treat 
with 2 to 3 cc. hydrofluoric acid (free from potash) five times, 
using a platinum rod to stir occasionally, and evaporate each time 
to apparent dryness on a water-bath, but just before going to dry- 
ness the last time 1 cc. dilute sulphuric acid is added and the heat- 
ing continued until practically all hydrofluoric acid and water have 
been driven off. The dish is then heated over a small flame until 
the evolution of sulphur trioxide ceases. When this is finished, 
about 20 cc. distilled water, slightly acidified with hydrochloric 
acid, is added, and digested on a water-bath, stirring occasionally 
until the liquid has been reduced to about one-third of its original 
volume, By this time complete solution of the potash has been 
effected, and the whole contents of the dish are transferred with 
water to a 200 cc. graduated flask, which is afterwards heated on 
a water-bath to near boiling, when ammonia and ammonium oxa- 
late are added in sufficient quantities to precipitate all iron, 
alumina and calcium present (2 cc. have been found sufficient). 
Allow the solution to cool, shaking two or three times during cool- 
ing to reduce the error of occlusion as much as possible. The 
volume is then made to 200 cc., and an aliquot portion correspond- 


1 This Journal, 23, 8-12. 
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ing to 2 grams of soil is filtered off into a porcelain dish and 
evaporated to semi-dryness on a water-bath, finishing by heating 
cautiously over a gentle flame, being careful that loss occurs 
neither from creeping nor decrepitation. When dry, ignite gently 
to decompose oxalates and expel ammonium salts. Take up with 
10 to 15 cc. of hot distilled water, acidify with 3 or 4 drops of 
hydrochloric acid, and filter. Determine the potash in the filtrate 
by precipitation with chloroplatinic acid, etc., as directed in the 
regular Lindo-Gladding method. 


[CONTRIBUTION FROM THE UNIVERSITY OF ILLINOIS, AGRICULTURAL 
EXPERIMENT STATION, NO. 9.] 


IMPROVED METHOD FOR SEPARATION AND DETERTIII- 
NATION OF TOTAL ALKALIES IN SOILS. 


By J. H. PETTIT. 
Received February 13, 1903. 


WHILE working upon soils in this laboratory, considerable 
difficulty was found in the determination of the total alkalies. The 
method used was that outlined in the “Methods of Analysis of the 
Association of Official Agricultural Chemists.” By this method 
the iron, aluminum, phosphorus, and magnesium are removed 
from the hydrochloric acid solution by precipitating with barium 
hydroxide. From the filtrate, barium and calcium are precipitated 
by ammonium hydroxide and ammonium carbonate. ‘This filtrate 
is evaporated to dryness, the ammonium salts driven off, and the 
residue taken up with a little hot water. Ammonium carbonate is 
again added to remove the last traces of barium, the solution fil- 
tered, the filtrate evaporated to dryness in platinum dishes, and 
the chlorides of the alkalies ignited. 

It was found, however, that considerable barium carbonate re- 
mained with the ignited alkalies. This appeared as a thin white 
layer in the bottom of the platinum dishes, when hot water was 
added. Also, by the addition of ammonium carbonate to this 
more concentrated solution, more barium was precipitated. This 
process of precipitation, filtration, and evaporation was necessarily 
repeated five or six times before a constant weight of chlorides 
was obtained. Further, it was found that in this solution, in 
which ammonium carbonate finally gave no precipitate, the addi- 
tion of a solution of ammonium sulphate gave a precipitate of 
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barium sulphate. Ten determinations of the barium in such 
solutions gave the following weights of barium sulphate: 


Gram. Gram. 
et eee Pr eee ne 0.0065 Brinuciieee eekeoeus 0.0080 
Sch onkewenke Keewes 0.0083 Tieee ce peese, saeeline 0.0113 
3 see cece cece ceees 0.0088 Rew temelguae caderwaee 0.0107 
, 0.0075 Qe reece ceen cece cece 0.0099 
Se cc cece cece sccece 0.0061 IGe ca ncdecextausaves O.OIII 


As the weight of the total alkalies is often under 20 mg. the 
presence of such amounts of barium would give rise to consider- 
able error in the determination. Accordingly, the usual method 
was modified as follows: Just previous to evaporating the solu- 
tion of the chlorides, in platinum dishes, a few cubic centimeters 
of an ammonium sulphate solution—75 grams to the liter—are 
added. The precipitate is filtered out and the filtrate evaporated 
as usual, in platinum dishes, and ignited. In this way, the barium 
is completely removed at one operation, and the alkalies are 
changed into sulphates, which can be ignited over the full heat of 
the Bunsen burner without danger of loss through volatilization. 
The evaporation, however, must be to complete dryness, otherwise 
there is danger of loss, through the decrepitation of the sulphates 
upon ignition. After igniting to a red heat, about 1 gram of dry, 
powdered ammonium carbonate is added to the dish and volatil- 
ized, thus breaking up any acid sulphates which may have formed. 

As a check upon the possibility of loss through volatilization, 
during the ignition, four determinations of the sodium, the more 
volatile of the two alkalies, as sulphate in a solution of chemically 
pure sodium chloride, gave the following weights of sodium sul- 
phate : 0.0291, 0.0292, 0.0291 and 0.0290 gram. Repeated ignition 
over the Bunsen burner did not alter these weights. The weight 
of sodium sulphate, calculated from the weight of sodium chloride 
used, was 0.02916 gram. 

Below are some duplicate determinations of total alkalies ob- 
tained by this method, in our ordinary work: 








Total alkalies. Total alkalies. 

Gram. Gram. * Gram. Gram. 
Sache ce nomen O.OIQI 0.0187 eee 0.0632 0.0636 
Me Ca eias Glateierdi 0.0383 0.0378 Wisc ke ca delecne 0.0331 0.0331 
Zoceccevccess 0.0288 0.0283 WE cack ee waee 0.0325 0.0328 
Mere cisin cey vice 0.0285 0.0286 Pe owceva ote 0.0410 0.0411 
Boece cece cece 0.0332 0.0326 |< eee 0.0224 0.0221 
Sore 0.0128 0.0130 Thecccsccecece 0.0215 0.0219 
Joccevecccocs 0.0324 0.0320 T5 cece ccc cece 0.0197 0.0196 


oe Ce 0.0124 0.0123 1WGccccccscccee 0.0277 0.0283 
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The advantages of this modified method are that the alkalies are 
entirely freed from barium in one operation and are transformed 
into sulphates, which do not present the difficulties of ignition 
found with the chlorides. 


UNIVERSITY OF ILLINOIS AGRICULTURAL 
EXPERIMENT STATION. 


DOES CHOLESTEROL OCCUR IN OLIVE OIL? 


By AuGuSTUS H. GILL AND CHARLES G. TUFTS. 
Received February 20, 1903. 


Upon this question there has been much uncertainty. Beneke? 
stated in 1862 that he believed he had obtained cholesterol from 
olive oil though the amount was too small to admit of proof. 
Salkowski? in 1887 found the amount obtainable from 50 grams 
too small for a determination of the melting-point, though the 
color reactions of phytosterol were given, and he expressed the 
opinion that olive oil contained neither phytosterol nor cholesterol 
but that the small amount present in the sample examined by him 
was due to the presence of olive kernel oil. Gerard* reported in 
1892 that he had obtained phytosterol from olive ‘oil and had 
identified it by the melting-point. Bomer* declared in 1898 that 
from two samples of Provence oil he had obtained an alcohol 
whose melting-point and crystal form left its identity with phyto- 
sterol beyond question. In the same year, however, Lewko- 
witsch® stated definitely that “The unsaponifiable matter occurring 
in olive oil is cholesterol, whereas all other vegetable oils contain 
phytosterol,” and in 1898, Allen® also stated that “it (cholesterol) 
occurs in olive oil” and again that “Phytosterol is found in most 
vegetable oils with the notable exception of olive and palm.” 
That Allen was not unfamiliar with the work of Bomer seems evi- 
dent from the fact that he refers to the article in which the latter’s 
work is described. Soltsien in 1901 reported the detection of 
phytosterol in olives from Bari pressed by himself.” 

In view of the fact that the matter was of interest not only from 


1 Ann. Chem. Pharm., 122, 249-255. 

2 Zischr. anal. Chem., 26, 581. 

3 Compt. rend., 114, 1544-1546. 

4 Ztschr. Unter. Nahr. u Genus. (1898), pp. 81-96. 

5 “Chemical Analysis of Oils, Fats and Waxes,” second edition, p. 452. 

6 “Commercial Organic Analysis,” third edition, Vol. II, Part 1, pp. 347 and 35r. 
7 Chem. Centrbl., 72, II, 243 (1901). 
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a purely scientific standpoint but also might be of importance in 
the detection and analysis of an important oil, it seemed desirable 
that the question should receive further consideration. 

The oil first examined was the ordinary green oil of commerce 
used as a wool oil. Three portions, each of 1.5 kilos, were treated 
according to the method described in our article upon maize oil.* 
The unsaponifiable matter so obtained was small in amount and 
appeared to consist largely of coloring-matter and other substances 
quite dissimilar from either phytosterol or cholesterol. After 
several saponifications with alcoholic potash and repeated washing 
with water, the residue was a highly colored semiliquid grease 
from which no crystals could be obtained either by precipitation, 
successive treatment with small portions of alcohol, or slow evapo- 
ration from solution in either strong or dilute alcohol. The color 
reactions of this group of compounds were given in all cases. The 
residues from the three portions of oil were combined and boiled 
an hour with an excess of benzoyl chloride; the product was 
washed with small portions of alcohol and saponified. After two 
recrystallizations, the partially purified alcohol was boiled with 
an excess of acetic anhydride; on washing the resulting acetate 
with alcohol and then saponifying, a crystalline substance was ob- 
tained which, though small in amount and still too impure for a 
determination of the melting-point, consisted of the easily recog- 
nizable six-sided plates characteristic both of phytosterol and of 
sitosterol. 

As the evidence afforded by the above examination was incon- 
clusive, it seemed important to obtain an olive oil which should 
contain the substance sought in greater quantity; it was thought 
that this would be the case with oils drawn from the most mature 
fruits. An oil was therefore chosen which had been pressed from 
fully ripened olives; it was a Californian virgin oil of a light 
yellow color and strong heavy taste. The specific gravity at 15° 
C. was 0.917 and the iodine value 83.5; the oil was of known 
origin and quite free from any adulteration. 

One kilo of this oil, extracted as before, yielded at once a light 
yellow crystalline mass which, after a second saponification and 
washing, was recrystallized from alcohol. The yield of impure 
crystals was 0.093 per cent. 

To determine whether the finally purified alcohol was a single 


1 This Journal, 25, 254. 
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compound or had been mixed with other substances, the mother- 
liquors from the various recrystallizations were themselves re- 
crystallized. All yielded crystals identical in form; the melting- 
points were a trifle lower than that of the main portion, but this 
may be due to the fact that as the amounts were smaller they could 
not be quite as completely purified. The variation was in no case 
greater than 2°. The crystals obtained from the mother-liquors 
were used in preparation of the esters as well as the main portion. 

The bromide was made by treatment of the solution in carbon 
tetrachloride with a dilute solution of bromine: the action was 
slow. Half an hour after the bromine had been added, apparently 
in slight excess, the solution was completely decolorized and two 
further additions of bromine were followed by the same result. 
The melting-point was not determined, as purification was difficult 
and the compound turned black on standing. 

The acetate was prepared by boiling an hour with an excess of 
acetic anhydride, and formed oblong flat plates melting at 120.3°- 
120.7°. 

The propionate was prepared similarly from propionic anhy- 
dride and also formed oblong plate crystals; the melting-point 
was 102.5°-103.5°. 

The benzoate, like the preceding esters, was made from the 
anhydride and formed oblong plates; it was noticed that in some 
cases the longer sides were apparently not quite parallel. The 
melting-point was 145°-145.5°. 

The melting-point of the alcohol itself, even when pure, was 
found to vary somewhat with the conditions under which it was 
taken. When first prepared and dried at 100°, the melting-point 
was 134°-134.5°; some days later, after exposure to the air, it 
was found to be 132°-133°. To examine this depression more 
closely, the propionate, which had been carefully purified, was 
saponified ; the product rapidly recrystallized five times by chilling 
the solution in hot alcohol, and the crystals were then dried at 
100°. The melting-point, determined immediately, was 135°- 
135.5°; after twenty-four hours it was found to be 133°-133.5° 
and after seventy-two hours 132.5°-133°. In this connection it 
may be of interest to state that although no such rapid fall was 
noticed in the case of the sitosterol from maize oil, a portion of 
this latter substance, which originally melted at 138°, examined 
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about eighteen months after preparation, having been protected 
meanwhile from light, showed a melting-point of 128°-130°. 

A sample of phytosterol from olive oil which had been prepared 
by twice saponifying the propionate melting at 101.5°-103.5° and 
recrystallizing the product three times, showed, two weeks after 
preparation and after five days’ heating in a dark closet at about 
go° C., a melting-point of g9°-103° ; the melting-point of the same 
sample after about six hours’ heating was 127°-129°. The phyto- 
sterol showed as a result of the longer heating a faint yellow 
color. The melting-point, in all cases, was determined in a straight 
capillary tube attached to the stem of a small bulbed thermometer 
suspended in a 150 cc. flask of concentrated sulphuric acid. The 
flask was supported about an inch above an iron plate which was 
heated by a small flame. The temperature was brought fairly 
rapidly to within 15° to 20° of the melting-point and the rise was 
then reduced to about 2° a minute. When within 2°or 3° of 
the melting-point, the rate was made about 0.2° a minute and was 
there maintained until melting was complete. This observed 
depression of the melting-points may perhaps explain the varying 
values recorded in the literature. The crystal form of the alcohol 
from olive oil closely resembled that of the sitosterol from maize 
oil. The color reactions of the two compounds were the same. 
The identification of the compound is the more difficult because 
observers have disagreed upon the melting-points of these alcohols 
as well as upon their esters. 

The following table shows the melting-points which would seem 
to be the most trustworthy given by various investigators for 
phytosterol, sitosterol, cholesterol and the body from olive oil, and 
their esters. 
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Alcohol from 


Cholesterol. Phytosterol. Sitosterol. olive oil. 
Alcohol ........- 146°-147°) 132°-136% 537:5°% 135°-135.5°9 
136-141.5° 136.5° 135-136.5) 
138° 135.5-136.52 
Acetate..-+++.++. 113-114? 120° 127° 120.3-120.7° 
117-126" 129.5" 
123.5-135° 
120-1219 
Benzoate .......- 145-145.5° 142-146° 145-145.5° 145-145.5° 
144-1477 142-142.5° 
Propionate ....... 97-98 104-116® 108.5” 102.5-103.5° 
108.4° 


The melting-points in the above table would seem conclusive 
evidence that the alcohol from olive oil is not cholesterol. Though 
the benzoates of the two compounds have the same melting-point, 
the olive oil compound did not show the double melting-point 
characteristic of cholesterol benzoate and gave oblong plate crys- 
tals, while cholesterol benzoate crystallizes in quadratic tables.* 
Furthermore, the propionate was carefully examined for the play 
of colors on cooling, stated by Obermiller’? to be an easily recog- 
nizable and characteristic test for cholesterol, and no colors were 
detected. The difference in the manner of growth and in the 
crystalline form of the olive oil alcohol and of the cholesterol from 
wool grease, which was examined simultaneously, is quite unmis- 
takable. 

The further identification is rendered difficult by the fact that 
under the general term “phytosterol’”’ have been included alcohols 
which it seems probable are not identical. Thus the alcohols 
from rapeseed oil and from cottonseed oil are both called “‘phyto- 
sterol,” though the melting-points of the acetates are in one case 
134°-135° and in the other 123.5°-124°. 

In the following table are brought together the values for sito- 


1 Reinitzer: Monatsh. Chem., 9, 421 (1888). 

2 Mauthner and Suida: /d7d., 15, 367 (1894). 

3 Ritter: Zischr. physiol. Chem., 34, 461. 

4 V. Lipman: Ber. d. chem. Ges., 20, 3201 (1887). 

5 Hesse: Ann. Chem. (Liebig), 192, 175. 

6 Hesse: /bid., 228, 296 (1885). 

7 Jacobsen: Zéschr. physiol. Chem., 13, 32 (1889). 

8 Bomer and Winter: Ztschr. Unter. Nahr. u. Genus., 4, 864 (1901). 
* 9 Gilland Tufts : This Journal, 25, 254. 

10 Gerard: Compt. Rend., 114, 1544 (1892). 

11 Bomer; Ztschr. Unter. Nahr. u. Genus., (1898), p. 81. 

12 Zischr. physiol. Chem., 1§, 39 (1891). 
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sterol from maize oil and from wheat, for the alcohol from olive 
oil, and for the phytosterol from cottonseed oil. 


Sitosterol. Alcohol from olive oil. Phytosterol. 
Alcohol ...-++.+++++e-- 136.5°-138°)??"3 135°-136.5°%? 136°-137% 
Acetate ....- ssecee cone 12937* 120.3-120.7° 123.5-124° 
120-121° 
Propionate .....-..++.- 108.5)" 102.5-103.5° 194-105° 
Benzoate .--- 20+ seeess 142-145.5)"?"8 145-145.5° 142-143° 


While the differences here are less marked than in the case of 
the olive oil alcohol and cholesterol, the melting-points seem, on 
the whole, to indicate that the compound from olive oil resembles 
the phytosterol from cottonseed oil more than sitosterol from maize 
oil or from céreals, and is undoubtedly phytosterol and not 
cholesterol. 


THE DETERMINATION OF BENZENE IN ILLUMINATING 
GAS. 
By I,. M. DENNIS AND J. G. O’NEILL. 


Received February 8, 1903. 

In 1891 Hempel and Dennis described a method® for the volu- 
metric determination of certain hydrocarbons that are usually 
present in illuminating gas. Up to that time, all hydrocarbons in 
this product, with the exception of methane, had been determined 
by absorption with fuming sulphuric acid and had been classed 
under the general term “heavy hydrocarbons.” It is true that 
Bunsen’ gives an analysis of illuminating gas in which the per- 
centages of benzene, ethylene and propylene are stated, but the 
amounts of these three gases were calculated by means of equa- 
tions from the results of explosions with air and oxygen, and the 
calculation was based upon the assumption that the heavy hydro- 
carbons in the gas consisted only of ethylene, propylene and ben- 
zene. It was ascertained by Hempel and Dennis that certain hy- 
drocarbons such as benzene and naphthalene could be removed, 
in part at least, by means of absolute alcohol, the remainder of the 
heavy hydrocarbons being then absorbed by fuming sulphuric acid 
and the methane being finally determined by explosion or combus- 


1 Mauthner and Suida: Monatsh. Chem., 1§, 367 (1894). 

2 Ritter: Zischr. physiol. Chem., 34, 461. 

3 Gilland Tufts: 1 his Journal, 2g, 254. 

4 Bomer: Zéschr. Unter. Nahr. u. Genus. (1898), p. 81. 

5 Bomer and Winter: /d7d., 4, 864 (1901). 

6 Ber. d. chem. Ges., 24, 1162. 

7 **Gasometrische Methoden,”’ second edition, (1877), p. 142. 
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tion. In 1894 Noyes and Blinks adapted’ the method of Hempel 
and Dennis to the Bunte burette. 

Recent work in this laboratory, however, has shown that while 
the absorption of benzene by means of alcohol may sometimes give 
agreeing results, the removal of the benzene is usually by no means 
complete and the results, at times, show wide variations. The 
following analyses are given in confirmation of this statement. 
Air was drawn into a Hempel burette containing water as the 
confining liquid, and was measured. It was then passed into a 
gas pipette containing benzene and was drawn back into the 
burette and the increase in volume noted. The mixture of benzene 
and air was next passed into a pipette containing mercury and 3 
cc. of absolute alcohol, and was shaken for three minutes in contact 
with the alcohol. The residue was then drawn back into the 
burette and was passed into a pipette filled with water and was 
shaken with that liquid for three minutes to remove the vapor of 
alcohol. The gas was now drawn back into the burette and 
measured. The results were: 


TABLE I. I II. III. 

ec. cc. cc, 

AGRI iis on wicier se eee ow aaron ts cea 67.0 50.0 52.2 
Air plus benzene (CyHg) «+ -+++eeeeee eee 73.0 54.0 57.0 
After shaking with ai giareielGjeteisistewies' 69.0 51.8 54.2 
After shaking with water......--+se.eee- 68.4 51.4 53.7 
Benzene taken. ..... scccccccccce covecves 6.0 4.0 4.8 
RR TRIG ora-e 6.55 9506 sow sls 00s se eens 4.6 2.6 3.3 


Experiments were next tried to ascertain whether repeated 
treatment with alcohol would remove all of the benzene, and, as 
will be seen from the table below, it appears that this reagent is 
unable to remove benzene completely from mixtures of that sub- 
stance with air. 





After passing residue into fuming sul- 
phuric acid and then into the potas- 
sium hydroxide pipette...... ...... 58.7 60.2 62.9 


1 This Journal, 16, 697. 


TABLE II. Fresh absolute 
alcohol. 
1 II. III. Iv. v. 
cc. cc. cc. cc. ec. 
AGE TARCG) 65:50) ic:0ieie 10:5: 0:0 019 siejnis's-e- eras 58.6 60.1 63.0 56.8 67.9 
Air plus benzene...........eeeeeeeees 62.8 64.6 67.0 61.0 72.8 
After shaking with alcohol........... 59.8 61.6 63.8 57.8 69.0 
After shaking with water ..........-. 59.4 61.1 63.8 57.6 68.8 
After second shaking with alcohol..-. 59.2 | | sees tose 
After second shaking with water ..... 59.1 | | 
After third shaking with alcohol ..... 59.1 | i 
After third shaking with water....... 59.1 | 
’ 


<< 
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It was therefore apparent from these results that for the com- 
plete and speedy removal of benzene from illuminating gas some 
absorbent other than absolute alcohol must be employed. 

In 1897 Hofmann and Kuspert described? certain compounds 
of hydrocarbons with metallic salts and stated that when illumi- 
nating gas acts upon a mixture of nickel hydroxide and aqua am- 
monia, there results a compound of nickel cyanide with ammonia 
and benzene, Ni(CN),.NH,.C,H,. This statement led the 
authors of the present paper to examine into the action of an 
ammoniacal nickel solution upon benzene with the view to ascer- 
taining whether a method could be developed for the volumetric 
determination of the benzene that is present in the form of vapor 
in gas mixtures. Sufficient of the absorbent to fill a Hempel 
simple absorption pipette (about 150 cc.) was prepared by dis- 
solving 25 grams of crystalline nickel nitrate, Ni( NO,),.6H,O, in 
50 cc. of water and adding 50 cc. of strong aqua ammonia. The 
solution was allowed to cool, was decanted from any salt that 
separated out and strong aqua ammonia was then added until the 
volume amounted to 150 cc. The solution loses its efficiency if di- 
luted with water, and its absorptive power is greatly diminished if 
nickel hydroxide is present in suspension. The analytical results 
given in this paper were obtained with the reagent prepared in 
this manner. Experiments showed that this solution absorbed 
nothing from air, but that when shaken with a volume of air it 
gave off a small amount of ammonia gas. In the first series of 
experiments it was sought to remove this ammonia by passing the 
gas mixture into a Hempel pipette filled with water, but, since this 
did not entirely remove the ammonia, it was found necessary to 
use in place of the water a 5 per cent. solution of sulphuric acid. 

Later experiments made in this laboratory by Mr. W. C. Geer 
have shown that it is possible to prepare the reagent in such man- 
ner as to do away with the necessity of the treatment of the gas 
mixture with dilute sulphuric acid. The method of preparation 
of the reagent is as follows: Forty grams of nickel nitrate are 
dissolved in 160 cc. of water to which has been added 2 cc. of nitric 
acid of specific gravity 1.44. This solution is poured slowly with 
constant stirring into 100 cc. of ammonium hydroxide, specific 
gravity 0.908. The resulting deep blue solution is used in the 
absorption. It has a very slight tinge of lavender. The odor of 

1 Zischr. anorg. Chem., 1g, 204. 
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ammonia is noticeable, but is not strong. The few analyses that 
have been made with the reagent prepared in this manner indicate 
that it is similar in action to that prepared as above described and 
that it is equally efficient. It should, however, be more thoroughly 
tested before complete reliance is placed upon it. 

In the series of experiments described in the following pages, 
the analyses were carried out in a “simple” Hempel burette pro- 
vided with a water jacket, and water was used as the confining 
liquid. 

Experiments were first made to ascertain whether benzene 
vapor mixed with air can be quantitatively absorbed by the am- 
moniacal nickel solution just described. The gas mixture was 
first passed into a pipette containing the ammoniacal nickel solu- 
tion and was shaken with that reagent for three minutes. It was 
then drawn back into the burette, passed into a pipette containing 
mercury and 5 cc. of 5 per cent. sulphuric acid and was shaken 
for three minutes, being then drawn back and measured. 


TABLE III. 

I. II. III. 

ce. ce. cc. 
WASH TaN Y8 1 c:5'o: a 020101 0,0;c10 eve 0:6: »'"e)n vin 0 wire seine a pwieeis siniwie Se 52.7 48.6 51.3 
Air plus benzetie..-- - +++ cece cece cece ceeeeeceeeee eee: 56.4 52.4 55-2 
After shaking with ammoniacal nickel nitrate solution. 53.2 49.0 51.9 
After shaking with 5 per cent. sulphuric acid......... 52.7 48.6 51.3 
PNEOTG RET oo. 055i 4s 00 esiwiccyeiccle cs eee’ os ericieigaic.s a9 3.8 3.9 
PRO NNO TAINAN oo n6'5.0.010:0 ea [01040 vc nice 600508 aoe sissceieecs 3.7 3.8 3.9 


The above results show that benzene vapor is quantitatively 
absorbed by treatment with an ammoniacal nickel solution pre- 
pared as above, when the gas mixture is shaken with the reagent 
for three minutes. Results of approximate accuracy can be ob- 
tained by using a simple burette without water jacket, but there 
seems to be a slight heating of the gas mixture resulting from the 
absorption of the ammonia gas by the dilute sulphuric acid, this 
rise in temperature being sufficient to cause appreciable error in 
the final reading. ‘To ascertain whether the time necessary for the 
absorption of the benzene could be reduced, other mixtures of 
benzene and air were prepared and were shaken with the absorbent 
for one minute, for two minutes, and for three minutes. ‘The re- 
sults, which need not here be inserted, showed that a three-minute 
shaking of the gas mixture with the absorbent is necessary for the 
complete removal of the benzene. 
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The next point to be ascertained was whether the nickel solution 
would absorb other constituents of illuminating gas and would so 
interfere with their determination as to render its use for the 
absorption of benzene impossible. Measured amounts of carbon 
dioxide were mixed with measured amounts of air and this mix- 
ture was passed into a pipette containing the nickel solution. As 
was to be expected, the carbon dioxide was completely removed. 
It had already been found that the nickel solution had no effect 
upon air, and consequently the absorption of oxygen in the illumi- 
nating gas by this reagent did not need further examination. To 
ascertain whether carbon monoxide and the unabsorbable residue, 
consisting chiefly of methane, hydrogen and nitrogen, is affected 
by the nickel solution, the heavy hydrocarbons were removed from 
100 cc. of illuminating gas by means of fuming sulphuric acid and 
potassium hydroxide, and the residue was then shaken for three 
minutes with the nickel solution and then with the dilute sulphuric 
acid. No diminution in volume resulted. From these experi- 
ments it appears that the ammoniacal nickel solution beyond re- 
moving, wholly or in part, the hydrocarbons other than methane, 
absorbs no other gas except carbon dioxide, but the fact that this 
last-named gas is removed by the reagent makes it impossible to 
use the nickel solution for the removal of. benzene and allied car- 
bons, and still adhere to the order that is usually followed." 
In the customary procedure the hydrocarbon vapors are first ab- 
sorbed by alcohol, then carbon dioxide by caustic potash, and then 
the so-called heavy hydrocarbons by fuming sulphuric acid. 
Hempel and Dennis state*? that carbon dioxide may not first be re- 
moved by means of potassium hydroxide because benzene is 
soluble in that reagent. Experiments were made to ascertain 
whether this statement is correct. A measured volume of air was 
mixed with a measured volume of benzene vapor and this mixture 
was passed over into a pipette containing potassium hydroxide. 
No diminution in volume resulted. It therefore appears that the 
absorption of carbon dioxide by potassium hydroxide may prop- 
erly precede the absorption of benzene. To be perfectly sure upon 
this point, however, the following experiment was made: Three 
Muencke wash-bottles containing clear barium hydroxide solution 
were connected together and illuminating gas was passed through 


1 Hempel-Dennis’s ‘‘ Gas Analysis’’ (1902), p. 282. 
2 Jbid., p. 281. 
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this chain. The carbon dioxide present in the gas was completely 
removed by the reagent in the first bottle. The gas issuing from 
the third bottle was therefore free from carbon dioxide, but could 
safely be assumed to contain some of all of the other constituents 
of illuminating gas. 100 cc. of the gas issuing from the third 
bottle was drawn off into a Hempel burette and was then passed 
over into the caustic potash pipette. No decrease in volume took 
place. A repetition of this experiment gave the same result, and 
there was thus obtained confirmation of the statement made above, 
that potassium hydroxide removes nothing from illuminating gas 
except carbon dioxide. 

Experiments were next undertaken to ascertain, if possible, the 
nature of the hydrocarbons removable by alcohol and by the am- 
moniacal nickel solution. These hydrocarbons probably consist 
largely of ethylene, propylene, and benzene. Ethylene was pre- 
pared by treating pure ethylene bromide with a zinc-copper couple. 
The purity of the gas was tested by passing it into fuming sul- 
phuric acid, the confining water in the burette having first been 
saturated with the ethylene. ‘Ten cc. of the gas left a residue of 
0.2 cc., showing a purity of 98 per cent. Measured volumes of 
air were now mixed with measured volumes of this gas and the 
mixture was then passed into a pipette containing the nickel 
solution and then into a pipette containing mercury and 5 cc. of 5 
per cent. sulphuric acid. The results obtained were: 


TABLE IV. 
I. If. III. 
Ce. ce. ce. 
SRM ML INEN ari ala) cia) @ siniasipire'a.o n'a .ei@-siaieinlainin ie de seine lortie:s"sietieleos 49.2 51.5 48.0 
Air plus ethylene ......sccccscccccscces coves cosees 58.0 60.8 54.2 
After shaking with ammioniacal nickel nitrate solution. 58.8 62.4 55-1 
After shaking with 5 per cent. sulphuric acid......... 57-9 60.9 54.2 


It therefore appearing that ethylene is not taken up by the 
nickel solution, experiments were next carried out to ascertain 
whether benzene and ethylene could be separated by means of the 
nickel solution. ‘The results of these experiments follow: 


TABLE V. 
I. * 1. IIL. IV. 
ce. P ce. cc. cc. 
AE aio 0, 5'4545cia 49.6 0s 09640 340 608 6946 wees 50.2 60.7 48.9 54.4 
Air plus benzene........-seeeeee seccececoes 53.0 64.2 51.1 57.2 
Air plus benzene plus ethylene. ....-....+.++- 57.6 68.7 57.2 64.4 


After shaking with ammoniacal nickel nitrate 
solution and then with 5 per cent. sulphuric 


RGinialare.g/eisie'stsloie sininieie'¥ 6 69st: 6e'6'e0'0 4:0. 4:6 6 ‘ 65.2 54.9 
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2 II. ITT. IV. 
cc. ce. ec. cc... 
TAGSARE CAMOR 0660.8 sis. 5.00 560 5s,.06 See ees els 2.8 355 2.2 2.8 
BENZENE 1OUNG 6.6 6:6 60:6 0050s yess cowcisinesecee 2.9 3-5 2.3 2.8 
After shaking the residue with absolute alcohol 
and then with water. ......cccecseevececese 53.4 64.6 54-7 61.1 
After treatment with fuming sulphuric acid 
and then with potassium hydroxide -......- 50.7 61.3 49.7 55-3 
Ethylene taken (88 per cent. pure).---+-++++. 4.6 4.5 6.1 7.2 
Ethylene found by alcohol. ...-..-..+s.e+ sees 3 0.6 0.2 0.5 
Ethylene found by fuming sulphuric acid and 
potassium hydroxide after alcohol.........- 2:7 Eo 5.0 5.8 
Total ethylene found .........-seece. see cece 4.0 3-9 5.2 6.3 
Ethylene taken (corrected volume) ........-- 4.04 3.9 5.36 6.3 


The results in Table V show that a satisfactory separation of 
benzene from ethylene and probably from the other hydrocarbons 
of the ethylene series may be effectd by first shaking the gas mix- 
ture with the ammoniacal nickel nitrate solution for three minutes, 
and then'with a 5 per cent. solution of sulphuric acid for the same 
length of time. 

It was hoped that it might be possible to remove the ethylene 
series of hydrocarbons by means of absolute alcohol before sub- 
jecting the illuminating gas to treatment with fuming sulphuric 
acid. If this were possible, the hydrocarbons would be divided, 
analytically, into three distinct groups, and a much clearer idea of 
the illuminants in the gas could then be obtained from the results 
of a volumetric analysis than is possible under the present 
methods. The results in Table V have shown that the absorption 
of ethylene by alcohol is far from complete, and, moreover, that the 
results of such absorption are by no means constant. It was 
thought desirable, however, before abandoning the separation by 
alcohol to try the method with illuminating gas, and in Table VI 
the results of these experiments are given. 


TABLE VI. 


I. II. III. IV. 

ce. cc. cc. cc, 

Carbon dioxide.....- scccce secs ceccee coe ce eccees ¥.2 5.2 ee 3.5 
Benzene by nickel solution and dilute sulphuric 

GOI 2cccccssccee Jd cclulashe sl celadlee same ge Sega we 2 1.0 1.0 1.0 
Hydrocarbons removed by absolute alcohol and 

WAtEL occcce veccrccccccesccccsescccce sececceces 1.5 0.3 5.3 0.5 
Heavy hydrocarbons removed by fuming sulphuric 

acid and potassium hydroxide...++-+seeceeeeeee 2.3 3-5 2.6 3-4 


Total hydrocarbons absorbed by the three 
TEAQENS. 000 eee cece ce eeeevweereceececee 5.0 4.8 4.9 4.9 
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These results demonstrate conclusively that absorption by alco- 
hol can not be employed for the purpose in hand and that at the 
present time the gas analyst must content himself with the absorp- 
tion of benzene by the nickel solution and the subsequent absorp- 
tion of the so-called heavy hydrocarbons by fuming sulphuric 
acid. In Table VII are given four analyses of illuminating gas, 
showing the accuracy of the determinations of carbon dioxide, 
benzene, and the heavy hydrocarbons. 


TABLE VII. 
I II. III. IV. 
ec. cc. cc. cc, 
RONNIE AACE MANE 0 501 5)0:015;9'0's'=1e-ossivdisiee Wis sielaie sore eiesic 1.2 1.2 1.2 1.2 
Benzene by nickel solution and dilute sulphuric 
MED aces iss-cceipia Palatece usw lo ese tues sai chee es 1,0 1.0 0.9 0.9 
Heavy hydrocarbons removed by fuming sulphuric 
acid and potassium hydroxide........++++ eee. 40 3:9 359 4.0 
Total hydrocarbons. .......ecsesccccccceces 5.0 4.9 4.8 4.9 


Before the ammoniacal solution of nickel nitrate and the 5 per 
cent. solution of sulphuric acid are used for the absorption of ben- 
zene, the reagents should, of course, be saturated with the other 
constituents of the gas mixture in the usual manner.’ If the 
reagents in the pipettes have been used for analysis of illumi- 
nating gas, they should not be used in the examination of gener- 
ator gas or of any other gas mixture differing appreciably from 
the illuminating gas, for the gases that have been dissolved by 
the reagent when it was shaken with the illuminating gas would 
escape into another superimposed gas mixture, if this latter did not 
contain these dissolved gases at approximately the same partial 
pressure as that at which they existed in the gas with which the 
reagent was first shaken. Consequently the gas pipettes should 
be filled with fresh solutions of ammoniacal nickel nitrate and sul- 
phuric acid whenever the gas mixture to be analyzed differs 
markedly from that for which the reagents had previously been 
used. 


The results may briefly be summarized as follows: 


(1) Under the described conditions, alcohol does not com- 
pletely remove either benzene or ethylene from gas mixtures. 


(2) The use of an ammoniacal solution of nickel nitrate fur- 
nishes a rapid and exact method for the determination of benzene 
1 Hempel-Dennis’s ‘‘ Methods of Gas Analysis,"’ (1902), p. 119. 
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in mixtures of that substance with air and ethylene, and in coal 
gas. 

The authors would recommend that in the analysis of 
illuminating gas (coal gas), the order of procedure be: (a) The 
absorption of carbon dioxide by potassium hydroxide; (b) the 
absorption of benzene by the ammoniacal solution of nickel nitrate 
above described; (c) the absorption of the “heavy hydrocar- 
bons” by fuming sulphuric acid; (d) the absorption of oxygen 
by alkaline pyrogallol or by phosphorus; (e) the absorption of 
carbon monoxide by cuprous chloride; and (f) the determina- 
tion of the methane and hydrogen. 

The authors have been unable to try this new method on any 
commercial gas mixture other than the local supply of illuminating 
gas. They would therefore earnestly request chemists using the 
method on other gas mixtures to communicate to them the results 
of such analyses and call their attention to any difficulties that may 
arise. 


CORNELL UNIVERSITY, ITHACA, N. Y., 
February, 1903. 


ON THE CLEANSING POWER OF SOAP. 


By H. W. HILLYER. 


Received March 20, 1903. 

CHEVREUL, the first to study the fats and soaps, discovered that 
.when soaps are acted on by water they are hydrolyzed to free 
alkali and to an acid salt. The tendency of the reaction may be 
expressed by the equation 

NaAc + H,O = NaOH + HAc, 
where Ac stands for the palmitic or stearic acid radical. ‘The acid 
thus set free unites with more or less of the undecomposed soap 
to form difficultly soluble acid salts which contain more and more 
acid in proportion to the alkali as the dilution of the solutions from 
which the salts separate increases. 

Rotondi, basing his conclusions on a mixed soap, decided that 
when water acts on the soaps, there is formed an acid salt which is 
soluble with difficulty in cold water and a basic salt which is easily 
soluble. Recent work by Krafft and his co-workers' have shown 
that Chevreul was correct and that Rotondi fell into error, prob- 

1 Ber. d. chem. Ges., 27, 1747; [bid., 27, 1755. 
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ably because he did not take into account the fact that sodium 
oleate is readily soluble in cold water. It was probably a mixture of 
this with the alkali set free by the hydrolysis of the palmitate and 
stearate present which was called an alkaline soap or basic salt. 
The more current theories of the detergent action of soap are 
largely based on the undoubted hydrolysis of soaps by much cold 
water. 

The most ordinary theory is that the alkali set free by the hy- 
drolysis of the soap acts on the fat to remove it by a process of 
saponification. To show that this is illogical it is only necessary 
to call attention to the fact that the alkali present has the oppor- 
tunity of making a soap in either one of two ways: First, by act- 
ing on the glyceride to decompose it or, secondly, by acting on the 
fatty acid or acid salt from which it has just been separated. 
That it will more readily react with the latter than with the former 
is clear, and since, while the dilution is great, this reaction with 
the acid salt does not take place but rather the reverse reaction, it 
seems entirely improbable that the hydrolytic alkali acts chem- 
ically, if at all, on the glycerides of the fats and oils. In the use 
of soap for cleansing, we prefer to use hot and strong solutions 
but the hydrolysis is almost certainly more complete when the 
solutions are dilute and have cooled enough to yield a precipitate 
of acid salt. In the hot solution, especially if concentrated, there 
can be but little free alkali. Finally, paraffin oils are washed 
away by soaps as well as the glycerides are, and in this case it is 
clear that there can be no chemical reaction of the alkali upone 
the oil. 

C. R. Alder Wright? assumes that the value of a soap is largely 
due to the alkali of hydrolysis acting in such a way as to allow 
contact of the water with the substance to be cleansed. Laden- 
burg’s ‘“‘“Handworterbuch,” Vol. X, p. 574, favors the theory of 
Knapp, which lays the cleansing power of soap to the property of 
the soap itself of easily wetting oily substances. Knapp’s original 
papers are not available to the writer and his evidence is not 
known, but it may be easily shown by a simple experiment that it 
is the soap itself and not the alkali which gives aqueous solutions 
the power of wetting oily substances. 

A piece of red litmus paper is thoroughly oiled with either 
purified cottonseed-oil or a paraffin oil, and upon it is placed a 


! Muir's “ Dictionary of Applied Chemistry,” Vol III, p. 411. 
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drop of dilute alkali. The alkali produces a blue spot with well- 
defined edges, and spreads very slowly over the oiled paper. If 
a drop of soap solution is placed on the paper it spreads rapidly 
and soon produces a large spot with ill-defined ragged outlines. 

Another suggestion as to the cleansing is that the soap itself or 
the alkali of hydrolysis acts as a lubricant, making the tissue and 
impurities less adhesive to one another, and in that way promoting 
the removal of the latter. It is not unreasonable to consider this 
as a factor in the cleansing, and it will be referred to again later. 

It is often suggested, either as a distinct theory or as a more or 
less important adjunct to the saponification theory, that the alkali 
set free by hydrolysis acts on the fat by emulsifying it, and carry- 
ing it away in suspension with the other impurities. This sugges- 
tion has come apparently because those who have emulsified oils 
with alkali have used oils not free from fatty acids. It is also 
suggested that the emulsification is due to the undecomposed 
soap, but experiments are not recorded as far as can be ascertained 
to sustain this view or to determine whether the action is due to 
the soap or to the alkali. 

When good cottonseed-oil, “salad oil,” is shaken with weak 
alkali it is largely emulsified, but by washing the emulsion with 
water and dilute alkali alternately for many times, the soap formed 
by the action of the alkali on the free acid of the oil is removed, 
the oil separates from the emulsion, and a product is obtained 
which is not emulsified by decinormal sodium hydroxide. Neither 
is kerosene emulsified by decinormal alkali. Both kerosene and 
purified cottonseed-oil easily make permanent emulsions with a 
decinormal solution of sodium oleate. From this experiment, it 
seems certain that the emulsifying power of the soap solution, is 
due to the soap itself rather than to the hydrolytic alkali. 

The explanation of the action of soap as due to its emulsifying 
power is a plausible one, but no clear account has been given, or 
made current, at least, in chemical literature, of the physical 
properties which a liquid must have to be a good emulsifying 
agent. The great similarity between foams and emulsions in 
method of making and in properties, suggests the question whether 
any explanation given for the formation and permanence of foams 
will not also apply to the formation and permanence of emul- 
sions. Plateau and Quincke have made extensive studies of sub- 
stances which foam and of those which are emulsifying agents. 
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There will be here no attempt to detail their results or to follow 
exactly their reasoning but the general trend of their work will be 
indicated. They have shown that soap solution has a surface- 
tension which is lower than that of any other aqueous solution. 
Its surface-tension is, in fact, only about 4o per cent. that of pure 
water. This may be shown in several ways. When two capil- 
lary tubes of the same diameter are placed respectively in water 
and in soap solution, the water will be seen toriseabout 2.6timesas 
high as the soap solution. Ifa given volume of water is allowed 
to drop from a broad-ended pipette or stalagmometer and then a 
soap solution is allowed to drop from the same pipette, it will be 
found that the soap solution will make 2.6 times as many drops as 
the water. The cohesion of the soap solution is so small that the 
surface-tension will sustain drops of a volume only about 40 per 
cent. of the volume of those formed by water. Plateau’ lays the 
power of forming bubbles, films, and foam to two factors: first, 
the liquid must possess notable viscosity, that the film may not 
readily yield to the forces which tend to thin it to the point of 
rupture; secondly, it must have a low surface-tension since the 
surface-tension is the most active force in thinning the film. Soap 
solutions are ordinarily quite viscous, and this viscosity is in- 
creased in Plateau’s bubble mixture by adding glycerin, which 
aids in making bubbles and films permanent. Soap solutions have 
a low surface-tension and, on account of these two factors, soap 
solutions easily yield and enduringly maintain films and foam. 
Quincke? has similar fundamental views, but ascribes the per- 
manence of a foam to the mixed character of the liquid which 
foams, and claims that no pure liquid will foam. According to 
Quincke the permanence of the foam is due to the action of 
surface-tension which spreads out over the surface of the 
film some secondary ingredient of the solution, and this 
tends to close up any potential ruptures in the film. Plateau 
calls attention to the important part played by viscosity in 
these phenomena and speaks of the existence of a viscosity which 
pertains to the liquid itself, its internal viscosity, caused by the 
friction of the molecules of the liquid on each other and also of a 
second kind of viscosity, which he calls superficial viscosity, which 
sometimes makes the motion of a foreign body upon the surface 


1 Pogg. Ann., 141, 44. 
2 Wiedemann’s Ann., 35, 592. 
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of a liquid more or, on the other hand, less ready than within the 
liquid. Stables and Wilson? have confirmed Plateau’s work, and 
find that the motion of a body in the surface of a solution of 
saponin is resisted 600 times as much as it is within the same solu- 
tion. By this great superficial viscosity they account for the great 
foaming power of saponin solution, although it has a compara- 
tively high surface-tension. 

To make these ideas clear a simple case may be used as an 
illustration. Suppose two bubbles of air to be lying side by side 
within a mass of water. The molecules of water at the point of 
nearest approach of the bubbles are acted on by the stress of the 
surface-tension of both bubbles, and this causes a thinning of the 
film between them. The surface-tension is great and the water is 
mobile so that the thinning will be rapid and soon the bubbles will 
coalesce by the breaking-down of the membrane. If, instead of 
water, soap solution is present, thestress which causes thinning will 
be less on account of themuch smaller surface-tension and the resist- 
ance to thinning, due to the viscosity of the soap solution, will be 
somewhat greater and as a result the bubbles will remain separate 
for a much longer time. In the same way a mass of bubbles will 
remain permanent longer in soap solution than in water. 

A table is here presented showing some observations made by the 
writer in confirmation of the work of Quincke and Plateau. While 
they claim no considerable accuracy, they show in general the 
tendency which solutions of high viscosity and low surface-tension 
have to make foams. The figures in the second column show the 


Time. Drops. Foam. 


WRGIOU kasc:s deldetcddaweawduevecaceamueun eats e 47 = 
Gide Waet<. «60s ncase cm aantuaecuewemensunecaes “4 79 at 
Sweet ok tiie iiilic. 2% <osicvcceccine cslenesaccs 4 75 a 
Saponin, 0.5 per Cent.....+.seeeeeeceececeecee 3 55 
Albumen, 3 per Cent ...-.-see cece cence cece cone 3 58 2b 
N/1o NaOH-+ equal volume alcohol........--- 8 IIo = 
Glycerin, 50 per Cent-.---+s+e sees cece cece cece 14 60 = 
Gum acacia, 6 per Cent -.....eeeeee cee eeeeee 8 49 = 
N/IO rOSin SOAP --+- eeeecesece cee ceee cece cece 3 104 ak. 
TG Hic) Gti iieh ORR ccc Cokacce cove dues neous 4 104 + 
N/640 sodium oleate...... eee ee ceen ee cceeeees 3 108 little 


number of minutes required for the volume of liquid contained in 

the stalagmometer to flow out and consequently give a rough 

measure of the internal viscosity of the solutions. The third 
1 Phil. Mag. (5), 1§, 406. 
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column gives the number of drops formed from the given volume, 
when the drops were formed in air. In the fourth column the 
plus signs indicate that the solution makes a permanent foam and 
the minus signs that it does not. Water gives the smallest number 
of drops and has the highest surface-tension. The solution of 
sodium resinate and the solutions of sodium oleate give the great- 
est number of drops, and have the least surface-tension. That 
viscosity alone will not account for permanent foam formation is 
shown by the cases of glycerin and gum acacia where there is 
high viscosity but also high surface-tension and no foam. Beer 
and milk have a higher viscosity and a lower surface-tension than 
water and yield foams. The decided apparent exceptions are 
albumen and saponin, and alcoholic alkali. Saponin and albumen 
have, however, in a very marked degree, the property of super- 
ficial viscosity, and this accounts for the persistent foam in spite 
of their low internal viscosity and comparatively high surface- 
tension. On the other hand, while the solution of alkali in dilute 
alcohol has a high internal viscosity and a markedly low surface- 
tension, the temporary character of its foam may be accounted 
for by the fact discovered by Plateau—that alcohol has a negative 
superficial viscosity. ‘That the alcohol has the effect of diminish- 
ing foaming power may be seen by adding a small quantity to a 
soap solution, which then loses its foaming power to a marked 
degree. 
EMULSIONS. 

Can emulsification be explained by the viscosity of the emulsify- 
ing agent? In the case of very thick liquids like the gum solu- 
tions used by the pharmacists, it is probable that the extreme vis- 
cosity is a very large factor in giving permanence to the separation 
of the oil droplets which have been formed mechanically. That 
even very large internal viscosity will not make an emulsion per- 
manent is shown by the fact that 50 per cent. glycerin and 6 per 
cent. gum solutions which have viscosity of a high degree will not 
emulsify kerosene or even a viscous oil like cotton oil. Saponin 
or albumen solution with their high superficial viscosity will give 
permanent emulsions. Dilute soap solutions which have not great 
viscosity have very great emulsifying power, and the same is true 
to a less degree of some other solutions. From these facts it must 
be decided that internal viscosity of the liquid will not account for 
its emulsifying power. 
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It has been seen that foaming can be explained largely by the 
small surface-tension of soap solution towards air. Surface-ten- 
sion phenomena show themselves between two liquids as well as 
between a liquid and air. The question arises whether there is 
any peculiarity in the degree of surface-tension between soap so- 
lutions and oils, not shown by other solutions. 

Quincke* observes that when a solution of sodium carbonate is 
brought in contact with an ordinary oil, phenomena are exhibited 
which he ascribes to the change of surface-tension between the oil 
and aqueous solution on account of the formation of soap. Among 
the phenomena accounted for in this way is that of emulsification. 
Quincke does not use pure oils or single soaps nor, except casually, 
does he refer to the low surface-tension between oils and soap 
solutions. 

To more definitely answer the question as to the relation of 
surface-tension and emulsifying power, experiments were made by 
the writer to measure roughly, by the dropping method, the rela- 
tive surface-tension of water and of soap solution toward typical 
oils. According to Quincke a solution of Venice soap containing I 
part in 40 of water has toward air a surface-tension of 2.563, a 
solution of 1 part in 400 has a surface-tension of 2.672, and one of 
I part in 4000 has a surface-tension of 2.681. In other words, 
according to these careful determinations, concentration has very 
little influence on the surface-tension of soap solution in contact 
with air. With this constant and comparatively small reduction 
of surface-tension which soap solution shows as contrasted with 
water, it is interesting to compare the enormous and variable re- 
duction of surface-tension shown when soap solutions of increas- 
ingly concentration are allowed to flow through oils. 

When cottonseed-oil is allowed to flow slowly up through 
water, it makes much larger drops than are made when it flows 
up through soap solution. The same is true when kerosene is 
used. The surface-tension between the oils and soap is much less 
than between the oils and water. A much more convenient 
method of studying the surface-tension is to let the water or solu- 
tions flow down through the oils. In this work the greater num- 
ber of observations were made with a stalagmometer intended as 
an alcoholimeter and holding 5.35 cc. 

When water flows from a stalagmometer with its tip immersed 


1 Wiedemann’s Ann., 35, 580. 
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in oil, large drops are formed. When a weak soap solution re- 
places the water, the drops are smaller. When stronger and 
stronger soap solutions are used, the drops grow smaller and more 
rapid, if the rate of flow of the liquid is not checked, until with a 
strong solution the rate of flow is too rapid to give time for the 
formation of separate drops and a very thin cylindrical stream 
flows from the stalagmometer. ‘The surface-tension has become 
so small that it does not support the liquid long enough to form 
drops. In this case, gravity is strong enough to almost completely 
overcome the action of surface-tension and draws the solution out 
into a fine thread. It seems reasonable to suppose that any other 
outside force could easily break up this strong soap solution 
within the oil into small droplets, or spread it into films on 
account of the small surface-tension. According to the theory of 
surface-tension between two liquids, surface-tension will be great 
between them, when each liquid has strong internal attractive 
forces, that is, strong cohesion; and it will be small when they 
have slight attraction for one another, that is, slight adhesion or 
mutual affinity. Small surface-tension will be caused by a weak 
cohesion of at least one of the liquids and a strong adhesion or 
affinity of the liquids to one another. Water forms large drops in 
oil on account of its great cohesion and its small adhesion to the 
oil. Soap solution makes small drops or runs down in a stream; 
because, first it has a low cohesion and, secondly, because it has a 
strong adhesion to the oil or a strong affinity or attraction for it. 
It would seem that this low surface-tension of soap solutions 
must be a prime factor in their emulsifying power. Viscosity can 
have very little to do with it, for solutions containing about 1 per 
‘cent. of sodium oleate are excellent emulsifying agents but have 
a viscosity so low that careful measurements would be necessary 
to show that they are more viscous than water. Using the same 
reasoning as in the case of bubbles and foam, we may say that 
when two oil drops approach each other in water, they tend to 
coalesce and finally do so because the great surface-tension of the 
drops easily withdraws the mobile water from between them till 
they touch and coalesce. But when the drops are in soap solution, 
the surface-tension is so very much less that it is not able to with: 
draw the solution rapidly from between the drops, and they are 
kept separate. If the soap solution is notably viscous, the slight 
surface-tension will have still greater difficulty in thinning the 
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films to the point of rupture. A mass of droplets separated by 
films of a low surface-tension and notable viscosity will be a per- 
manent emulsion. 

Quantitative relations between the surface-tensions of certain 
solutions are given in the following table. The measurements are 
only approximate, but, for the purpose, adequate. The first 
column (K) indicates the number of drops formed when 5.35 cc. 
of the solutions named flow into a certain kerosene. The second 
column (Emul. K) indicates by a plus sign, that the solution, 
when shaken with the kerosene, will yield an emulsion. The 
third and fourth columns, C.S. oil and Emul. oil, give similar data 
for cottonseed-oil carefully purified from free acid by washing 
with dilute alkali. 


Emul. c.S. Emul. 

K. K. oil. oO 
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Saponin ...- cece cece cece ei cece cece es weeece ees aa aa 13 t 
ROTO pin 'c1016 pics Sale sel le: aap orero onl aolera Sune eee re re 14 ee 
Alcohol and sodium hydroxide........-.+...-- 51 little 
N/640 sodium oleate .......... cscs cece cecccece 26 little 
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From these data, it will be seen that the solutions which emul- 
sify have a larger number of drops, that is, “a smaller surface- 
tension than those that do not.” 

Saponin solution containing 1 part of the glucoside to 200 of 
water is an excellent emulsifying agent, and yet its surface-tension 
toward oil is not enormously reduced from that of water, but its 
emulsifying power is easily understood when one observes the 
form of the drops produced when it flows through cottonseed-oil. 
Quincke has observed similar drops when albumen solution flows 
through oil. We may make a soap solution, one containing I 
part of sodium oleate in about 500 parts of water, which, when it 
flows through oil, will give the same number of drops as the 
saponin solution used. The drops of soap solution form normally, 
and, as they fall, assume quickly a spheroidal shape, while the 
hanging drop quickly takes the form of a catenoid. A drop of 
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saponin solution (Fig. 1) as it is detached takes the form of a 
Rupert drop (a) and, falling to the bottom, takes the form of a 
pear (b) with the stem plainly visible. This stem, the remains 
of the filament drawn out as the drop was detached, may remain 


fe 
vU 


Fig. 1. 





visible for many minutes. The hanging drop, if the flow of 
solution is stopped just after the fall of the drop, has the shape of 
an inverted cone, with incurved sides and a slender peak (c). 
This shape is retained a long time. When new liquid flows in, 
the hanging drop changes its shape only as its surface is swelled 
out by the inflowing liquid (d). That the liquid is not in itself 
viscous may be known by observing the ready rotations and other 
movements of chance particles within the drop as the liquid flows 
down. 

Here we plainly have a new instance of superficial viscosity, a 
viscosity which makes motion difficult in the surface between the 
two liquids. This it would seem, being of so considerable a de- 
gree, may account for the resistance offered to the withdrawal of 
the films of saponin from between the oil droplets of a saponin 
oil emulsion, and consequently for the permanence of the emulsion. 
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The conclusion arrived at is that emulsification is due largely to 
the small surface-tension between oil and the emulsifying agent 
which allows the emulsifying agent to be spread out into thin 
films, separating the oil droplets. The surface-tension is not 
strong enough to withdraw the film from between the droplets 
except slowly and, if the emulsifying agent has great internal 
viscosity, or if great superficial viscosity is shown between the 
liquids, the thinning of the film becomes so slow that the emulsion 
is permanent. 


EFFECT OF FREE ALKALI AND OF FREE ACID. 


As indicated in the tables last given, decinormal sodium hydrox- 
ide solution does not show any greater number of drops than 
water when it flows through kerosene, and only a slight, and in 
this connection insignificant, increase in the case of cottonseed-oil. 
Since alkali does not emulsify either of these oils, we may con- 
clude that diminution of surface-tension and emulsifying power 
go together, and that neither of them is catised by alkali alone. 
Solutions of alkali less concentrated than decinormal also show 
the same surface-tension and fail to give emulsions. A decinormal 
solution of sodium oleate will give some twenty times as many 
drops as a decinormal alkali. The number of drops formed by 
the oleate is not increased by adding excess of alkali to either con- 
centrated or dilute solutions of oleate. On the other hand, when 
free oleic acid in excess is added in increasing amounts to a deci- 
normal solution of sodium oleate, the number of drops and conse- 
quent emulsifying power are decreased as shown by the data and 
curve below. Mixtures were made containing 100 cc. oleate and 
amounts of free oleic acid varying from an amount sufficient to 
form the acid salt C,,H,,0,Na:C,,H;,,0, down to 1/128 of that 
amount, and the number of drops which each made was deter- 
mined. 

DECINORMAL SODIUM OLEATE AND OLEIC ACID. 


Equivalents of oleic 
acid in excess. oO. 1/128. 1/64. 1/32. 1/16. 1/8. 1/4. 1/2. 1. 


No. drops -++-++eeeees 274 273 270 240 216 164 117 84 58 
From these facts we may conclude that the low surface-tension 
and the emulsifying power are due not to the alkali or to the acid 
salt set free by the hydrolysis but to the undecomposed soap itself. 
We have seen before that another possible factor in cleansing, 
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namely, the power which soap solutions have of wetting oily sub- 
stances is due to the soap itself. But this wetting power may be vik 
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explained also by the strong adhesion of the soap to the oil and the 
low cohesion of the soap solution itself. The latter will more 
easily be spread out over the surface, if its cohesion is small and a 
stronger force will be acting to spread it out, if it is strongly at- 
tracted to the oily surface. 
A very similar factor in cleansing is that which may be called 
ease of penetration, by which the aqueous solution pushes into and 
permeates the interstices of the fabric. If a glass tube of 3 or 4 
mm. internal diameter and closed at one end is filled with cotton- 
seed-oil and immersed in a vessel of water (Fig. 3, a), the oil 
will not leave the tube, being held there by the strong surface-ten- 
sion film between the oil and water. But if a strong solution of 
soap is poured in, the surface-tension film is diminished in 
strength, the oil flows from the tube, and the soap solution pene- 
trates into it (Fig. 3, b). Here the soap, on account of its 
weak cohesion and its strong adhesion to the oil, withdraws the 
oil and penetrates into the oily tube. In the same way, it may be, ven 
the soap penetrates into the capillary interstices of the fabric to be the 
cleansed. lub: 
Even the lubricating power of soap solutions may be explained to | 
by considering the factors a low cohesion and a strong adhesion. If 
In treatises on mechanical engineering, the chief physical property clay 
mentioned as desirable in a lubricant is that it shall have not: 
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sufficient “body” or viscosity to prevent its being pressed 
out from between the surfaces to be lubricated. While 
viscosity is for this particular object no doubt a_neces- 
sary thing, it would seem to be a necessary evil. As the 
term is used in physics, viscosity is a property of fluids which pre- 
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Fig. 3. 


vents the freedon of motion which their particles would have if 
the fluid had no viscosity, or a less viscosity. But in speaking of 
lubricants mechanical engineers demand, in a substance intended 
to promote motion, a property which physically hinders motion. 
If we consider as lubricants graphite or steatite or soap, or the 
clay on which our shoes slip in the street, we may get a clearer 
notion of lubrication. In these cases, at least, the lubrication is 
due to the fact that the lubricant adheres in a film to the surfaces 
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to be lubricated but does not cohere to itself. In the use of oil as 
a lubricant, it is also true that the oil adheres to the lubricated 
surfaces and soon forms two layers of oil which glide over one 
another. We have then strong adhesion on the part of lubricant 
and a weak cohesion. ‘The same is true of soap solutions and 
will explain their slipperiness and lubricating power. The slip- 
periness we feel when alkali is used on the hands is probably due 
to its action on the skin or on the material which keeps in place 
the epithelial cells. The actual removal of these cells with the 
impurities attached to them and covered by them would account 
for the cleansing action of alkali and alkali carbonate on the skin. 

The position here taken is then: that the cleansing power of soap 
is largely or entirely to be explained by the power which it has of 
emulsifying oily substances; of wetting and penetrating into oily 
textures; and of lubricating texture and impurities so that they 
may be removed easily. It is thought that all of these properties 
may be explained by taking into account the low cohesion of the 
soap solutions and their strong attraction, adhesion or affinity to 
oily matter, which together cause the low surface-tension between 
soap solution and oil. 


A STUDY OF SOAP SOLUTIONS. 
By H. W. HILLYER. 


Received March 20, 1903. 


Ir was noted in the preceding article that while toward air the 
surface-tensions of soap solutions vary but little as the concentra- 
tion is changed, the surface-tension between soap solutions and oils 
is rapidly diminished as the concentration is increased. To 
ascertain the law connecting concentration and surface-tension, 
the following experiments were made. ‘They not only show this 
relation but serve to confirm the idea that the diminution of sur- 
face-tension is dependent solely on the amount of undecomposed 
soap present in the solution. Unfortunately in this pioneer work 
it was not realized how desirable it was to have the same kerosene 
for all experiments, and consequently the results are not strictly 
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and numerically comparable except in the cases which are plotted 
together. But it is thought best at this time to publish these re- 
sults, as their general tendency is quite clear and as they serve to 
indicate the basis on which rests the method for evaluating soaps 
which will soon be published. 

A decinormal solution of sodium oleate was prepared by dis- 
solving 14.1 grams of oleic acid in 500 cc. decinormal sodium 
hydroxide solution. The solution was almost completely clear. 
It was then filtered. The solution was diluted successively to 
lower concentrations and the number of drops formed when these 
various solutions were passed through kerosene was noted. 
Duplicate counts were made and the number of drops found in the 
separate counts are indicated. 


SODIUM OLEATE. 


Concentration. Ni/to. N/20o. N/40. N/80. N/160. N/320. N/640. Water. 
464 269 184 116 80 51 

No. drops .--+.+ sees eens { an on ne a eS oS 35 20 

Another set of solutions... .. 292 184 IS 74 49 32 


124 77 47 31 


() 


(b) 








Fig. I. 


In the diagram (Fig. 1, a) the ordinates show the number of 
drops formed and the abscissas show the concentrations. The 
number of drops is not proportional to the concentration but falls 
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below proportionality as the concentration increases. In another 
experiment, the solutions were very carefully made and after 
preparation were placed in stoppered flasks in a large tank of 
water that they might be kept as nearly as possible at an average 
room temperature. The special object of this experiment was to 
ascertain whether any change took place on standing which would 
indicate that a hydrolysis of the soap was gradually going on. In 
this case the kerosene was the same throughout the experiment, 
but different from that used in the last. For each count the kero- 
sene was changed except where the solutions were very dilute. 
The solutions of various concentration were prepared as rapidly as 
possible and then the counts made. After this the solutions were 
kept at the temperature of the tank of water and the counts re- 
peated from day to day. 


SODIUM OLEATE, TIME AND DILUTION. 


Concentration. N/to. N/20. N/40. N/80. N/160. N/320. N/640, Water. 
December 2nd .......- 297 196 125 88 63 41 264 14 
December 3rd ......-- 296 200 126 87 61 go} 264 14 
December 5th ..--.--- -- 194 123 85 62 4o} 263 .. 
December 8th .......- 301 oo Wg2 > <«- $9) -- 263 


From this it seems that in the course of six days no change takes 
place in the surface-tension. There is no evidence of any decompo- 
sition of the soap by a diminution of the number of drops in 
either strong or dilute solutions. The curve (Fig. 1, b) showing 
the relation of concentration to number of drops is here shown in 
connection with that given above that it may be seen that the two 
have the same shape. They should not, however, be compared 
numerically except to enforce the fact that the effects are quite 
different with different samples of kerosene. When sodium oleate 
solutions stand in uncorked flasks, the carbon dioxide of the air 
decomposes the soap and the number of drops formed by a given 
solution gradually diminishes. ‘This is especially marked in case 
of dilute solutions. 


SODIUM PALMITATE AND STEARATE. 


Pure sodium palmitate and stearate are very little soluble in 
cold water, so little in fact that it is difficult by shaking them with 
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cold water to produce a foam. Palmitate and stearate, when 
rubbed on the hands with cold distilled water, do not give the effect 
of soap but seem more nearly like paraffin or tallow. On account 
of this small solubility in cold water, it was necessary to devise a 
method of working at a higher temperature. The apparatus 
finally used is very simple. It consists of a beaker of about 700 
cc. capacity provided with a cover of zinc with its edges turned 
down. In the cover are three holes one for the thermometer and 
two large enough to receive short wide test-tubes. One of the 
test-tubes serves as a reservoir to hold the hot soap solution 
to be used, while the other is the working part of the apparatus. 
After the water in the beaker has been heated to boiling, a supply 
of the solution to be tested, which has been heated to bring the 
soap into solution, is placed in the reservoir tube. Then 15 cc. 
of kerosene are placed in the working tube and the pipette put in. 
When all is thoroughly heated to the boiling temperature, the 
pipette is filled with the solution, placed with its end below the oil 
and the number of drops counted. At first, great difficulty was 
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encountered in getting concordant results but it was learned that 
when the lower end of the pipette was ground off the numerous 
minor capillary tubes in the glass of the lower part of the pipette 
continually gave out small amounts of air and when this formed 
into bubbles on the end of the pipette it caused an increase in the 
number and decrease in the size of the drops which were forming. 
As this exudation of air was irregular and introduced a new factor 
in the surface-tension problem a means was necessary to prevent it. 
The remedy was to so shape the pipette that the lower end after 
grinding could be heated to the point of fusion until all the small 
capillaries were closed without closing the main capillary or nar- 
rowing too much the surface on which the drops were to form. 
The form finally worked out is shown in the accompanying 
sketch (Fig. 2)., 
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Twentieth-normal sodium palmitate was made by treating 12.8 
grams palmitic acid with 500 cc. decinormal sodium hydroxide 
and 500 cc. water, and heating all on the water-bath. The solu- 
tion was quite clear. Small quantities of palmitic acid were added 
until oil droplets were plainly visible and the solution was 
filtered. This solution was then diluted with hot water to make 
the concentrations used below and these were kept on the steam- 
bath at 60°-70°. None of them were more than slightly cloudy 
at 60°-70°. ‘They were tested in the apparatus just described, and 
gave the number of drops here set down. 


SODIUM PALMITATE. 


Concentration. N/20. N/40. N/80. N/160. N/320. N/640. N/1280. 
424 315 223 94 49 32 23 
No. drops ---+++eee- { ” yen nak 88 Pe 33 23} 


On plotting these data, the curve (Fig. 3, a) results. The sag 


z 











Fig. 3. 
in the curve near its origin was thought so remarkable that a 
second set of solutions was prepared and tested. 
N/2o. N/30. N/40. N/80. N/160. N/320. N/640. N/12?0. 
403 368 308 208 go 40 31 24 
When these data are plotted, a curve is obtained in shape like 
that obtained before and practically indentical with it. If the 
same law connected concentration with the number of drops at 
low as at high concentration, the curve would be a smooth one 
extending to the point showing the number of drops made by 
water, as indicated by the dotted line. That the curve falls below 
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this line may be explained by supposing that in the dilute solutions 
a marked hydrolysis takes place. Krafft and Stern found that it 
was necessary to dilute a solution of sodium palmitate till it con- 
tained only about I part in 1000 before the precipitate formed on 
cooling had the composition of the true acid salt, C,,H,,0,Na, 
C,,H,;,O0,. It is to be noted that the greatest depression in the 
curve above is in the region where the concentration is near to I 
part in 1000 of water. This point is marked by the arrow. If 
this is a true explanation, it is an interesting confirmation of the 
supposition that the number of drops is a function of the amount 
of undecomposed soap present. The hydrolysis lessens the 
amount of soap, and farther, the acid salt may in this case, as in 
the case of sodium oleate, actually diminish the number of drops 
which would be formed if the soap were alone. It would seem 
that we have here a proof that actual hydrolysis takes place while 
all of the substances are in solution. At the temperature at 
which the work was done the solutions are quite clear and show 
* no sign of a precipitate. 


SODIUM STEARATE. 


Sodium stearate solution (one-twentieth normal) was made by 
dissolving 2.84 grams chemically pure stearic acid in 100 cc. hot 
decinormal sodium hydroxide solution and diluting to 200 ce. 
with hot water. The dilute solutions were made as before and 
the number of drops made by each determined at 100°. None of 
the solutions at 100° show more than a very slight opalescence. 
The number of drops formed are shown in the table: 


SODIUM STEARATE. 


N/20, N/40. N/8o. N/160. N/320. N/640. N,1280. 
328 213 143 38 31 29 
340 228 149 \ ” { 40 28 33 


The curve (Fig. 6, b) showing these numbers in a graphic way 
has very much the same shape as that for sodium palmitate and 
here also the greatest hydrolysis is apparently at a point where 
there is present about 1 part of the salt to 1000 of water. By 
comparing the shape of these curves with that of sodium oleate 
at 100° it becomes evident that their peculiar form is not due to 
the action of the higher temperature. As a passing observation 
it may be noted that when the solutions stand in the cold, the pre- 
cipitates formed in the N/160 solution and those of greater con- 
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centration, float in the solutions, while the precipitates formed in 
the N/320 solution and those of less concentration sink in the 
solutions, this change of relative density also taking place when 
the solution contains about 1 part of sodium stearate in 1000 of 
water. 

SODIUM OLEATE AT 100°. 

Sodium oleate solutions when tested at 100° show no special 
change in the form of the curve connecting concentration and 
number of drops from that belonging to the oleate in the cold. 
Since the data were obtained using the same apparatus and same 
kerosene as that used for the palmitate and stearate they are 
plotted in the same diagram at c (Fig. 3). 

ROSIN SOAP. 

The soap made by action of alkalies on colophony is so common 
a constituent of yellow soaps that a study of its solutions is of 
some interest, especially if we may gain knowledge of the reason 
of the disfavor with which the soap is regarded. A solution of 
rosin soap approximately decinormal was prepared by digesting 
in the cold powdered rosin in excess with decinormal sodium 
hydroxide solution as long as any rosin was dissolved. ‘This 
solution was diluted with freshly boiled cold water to give the 
concentrations indicated below and each tested in the cold to 
learn the number of drops made by each. 


ROSIN SOAP IN THE COLD. 


Concentration. ° Nito. N/20. N/30. Ni/40. N/60. N/80. N/160. N/3z0. N/640. 
(a6 236 cor Ig «m8 78 «a7 22 2% 

No. drops .....+.- 223 

ee 353 243 207 «+155 123 79 46 34 25 


These results are plotted in curve a (Fig. 4). The same solu- 
tions were tested at 100°, using the same pipette and same kero- 
sene. 


ROSIN SOAP AT 100°, 


Concentration. Nito. N/20. N/30. Ni4o. N/60. N/80. N/320. N/640. 
(288 15s 183 «123 68. 45 345 20 
a MANS 20 ~s0>> 1289 215 187 127 67 45 35 #28 


These results are plotted in curve b (Fig. 4). The notable 
thing in both curves is the sag near the origin. The more dilute 
solutions give a smaller number of drops than might be expected 
if the same law held that governs with higher concentrations. If, 
as is indicated by the facts given in this and the preceding paper, 
the number of drops is a measure of the amount of undecomposed 











A STUDY OF SOAP SOLUTIONS. 531 


soap present in solution, it seems that with the rosin soap as with 
the palmitate and stearate a marked hydrolysis takes place in dilute 
solutions. The solutions with the exception of the decinormal 











Fig. 4. 
and one-twentieth normal are much clouded, even in the cold, 
showing by this also that hydrolysis has taken place. The hot 
solutions, even the most concentrated, are cloudy. The hydrolysis 
indicated by this cloudiness is also shown by the fact that the 
curve for the hot solutions lies below that for the cold solutions. 
Elevation of temperature is favorable to diminution of surface- 
tension and a greater number of drops might be expected with all 
these solutions at the higher temperature but, as a smaller number 
is found, the explanation lies in the hydrolysis caused by heating 
the solutions. 

In looking over the results obtained, it is of interest to note their 
agreement with well-known facts in regard to the soaps. The 
oleate is very soluble in cold water and even in dilute solutions 
shows little hydrolysis. Soaps rich in oleate are useful for toilet 
purposes and for wool-scouring when cold water is used. Its 
stability in dilute solutions would make it of value as a detergent 
even until it is completely rinsed away and its ready solubility 
would make it easy to wash away. 

For laundry work, dish-washing, and other work, when hot water 
is used, practical experience shows that the most desirable soap isa 
tallow soap. This is rich in palmitate and stearate with some oleate. 
As shown by the curves, the palmitate and stearate have a very 
high efficiency at a high temperature, especially when the concen- 
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tration is great. When the concentration is lessened, marked 
hydrolysis takes place and the efficiency rapidly falls off, but with 
mixed soaps this low efficiency of the palmitate and stearate is 
supplemented by the relatively high efficiency of the oleate in 
dilute solutions, which will sustain the detergent effect until all 
impurities are washed away, including the acid palmitate and 
stearate which might otherwise be retained by the fabric. When 
the temperature is low, palmitate and stearate are so little soluble 
as to be of no practical value, since the only effect of water on 
them is to hydrolyze them and set free a small quantity of alkali 
which, according to the hypothesis here favored, has no detergent 
effect on neutral oils. 

Rosin soap is usually regarded as a comparatively undesirable 
ingredient of soaps. By a test with decinormal solution, it is of 
about the same efficiency according to the dropping test in kerosene 
as sodium oleate. But when the dilution curves are studied, it is 
seen that dilute solutions, especially in the heat, show marked 
hydrolysis which is necessarily accompanied by separation of the 
rosin acids. Here the acid product of hydrolysis separates in a 
cloud and does not stay in solution as with the palmitate and 
stearate in the heat. The separated rosin acids may well settle 
on the fabric being washed and impart to it the odor of rosin, 
cause it to be yellow and make it ready to easily take up dust. 
This effect may be partially offset in using mixed soaps, by the 
other ingredients whose detergent action will tend to remove the 
rosin acids, but the evil effect will still, to some extent, remain. 

In this work, when kerosene is used as the test substance, it is, 
of course, true that we are really measuring the detergent effect 
of the various soaps toward kerosene only. Some few observa- 
tions show that toward other fats and oils the relative efficiency 
of the different soaps is different. It may be necessary to take 
this into account when judging the value of a soap for some 
special purpose. 


LABORATORY OF ORGANIC CHEMISTRY, UNIVERSITY 
OF WISCONSIN, March 17, 1902. 


NOTES. 


Note on the Bromination of Heptane.—Venable’ found that the 
bromination of normal heptane from the Pinus Sabiniana yielded 


1 Am. Chem. /., 10, 237. 
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a mixture of bromides which varied in amount with the tempera- 
ture and the time. Theoretical amounts of heptane and bromine 
were used but a large percentage of heptane was unattacked in 
every case. The secondary heptyl bromide was the main product 
when the heptane was kept boiling, and the bromine was added 
during a course of five hours, which was as rapidly as the bromine 
was taken up. The yield was 30 per cent. of the theory. This 
bromide is best obtained from heptane of the Pinus Sabiniana of 
California which was formerly on the market under the name 
“abietine,’ a patent remedy. Small quantities only can now be 
obtained under great difficulties, as Blasdale' reports. The stock 
on hand in our laboratory is small and hence valuable. In view of 
this I thought it possible to increase the yield of the secondary 
bromide by carrying out the reaction under increased pressure. 
By means of air-pressure the liquid bromine was forced into the 
flask containing the boiling heptane. A compact reflux condenser 
within the neck of the flask completely condensed the heptane. A 
side tube of the condenser led into a long glass jar, set horizon- 
tally, filled with stick potash to absorb the hydrobromic acid 
evolved. To the further end of the jar was fitted a tube which, 
entering a jar of mercury vertically, opened at a point 190 mm. 
below the surface. Several attempts were made to increase the 
yield of the secondary bromide with this apparatus but without 
success. I wish here to express my thanks to Mr. M. R. Glenn 
for his kind assistance in this work. 

I then turned my attention to the possibility of accomplishing 
the result by employing an excess of bromine. The method em- 
ployed by Venable was followed. Where he used 180 grams 
bromine for 100 grams heptane I used 240 grams bromine. The 
table shows the results after six complete fractionations, the first 
two being under diminished pressure. 


Theoretical amount Excess of 
of bromire. bromine. 


Grams. Grams. 
| RE err T00°-120° 30 8 
sion cine aatesies 120°-162° 6 2 
PEDsiea ve caenscceese 162°-168° 55 65 
We ciciciiecmsneeeuees 168°-173° 2 1.5 
5 EAT OP ESI 173°-183° 8 2 
Wille iciescwsarensssisens 183°-210° Io 45 


I consists principally of unattacked heptane and III of the 


1 This Journal, 23, 162. 
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secondary heptyl bromide. The excess of bromine, then, consider- 
ably diminishes the amount of unchanged heptane; increases the 
secondary bromide by 18 per cent. but causes a much greater 
increase in the bromides of higher boiling-points. A further 
consideration of the table shows that 22 grams less of heptane are 
recovered, but as a compensation there is a gain of 10 grams of the 
secondary bromide. Now if 22 grams of the heptane were treated 
with the theoretical amount of bromine only 6.6 grams of this 
bromide would be obtained. Hence there is actually a net gain in 
the yield of the secondary bromide as well as a reasonably good 
gain in time. The process is a very long one and these gains are 


worth consideration. ALVIN S. WHEELER. 
UNIVERSITY OF NORTH CAROLINA, 
CHAPEL HILL, N. C. 


New Apparatus for the Examination of Choke-damp and 
Nitrogenous Mine Inflammatory Gases.—The apparatus is com- 
posed of two burettes which are connected with a 3-way stop-cock 
capillary, and this with the gas-bottle for filling the burettes. Both 
burettes are filled at the same time with the gas which is to be 
examined, and this makes it possible for the apparatus to give an 
exact determination of oxygen, methane, and carbon dioxide. On 
the right side, at first, carbon dioxide is absorbed in the caustic 
potash receiver and then methane is burned in the pear-shaped 
receiver by a platinum spiral which is glowing from an accumu- 
lator. 

During the absorption of the carbon dioxide and the cooling of 
the pear, the oxygen is determined on the left side, so that a com- 
plete choke-damp examination of methane, carbon dioxide and 
oxygen is finished in about twenty-five minutes. 

The fluctuation of the temperature which has occurred during 
the examination of the gas is found on a special thermometer, 
divided in 1/10° C., and arranged in the cooling-receiver; the 
variation of the volume of the gas brought about by the fluctuation 
of the temperature is equalized by the lifting and sinking of the 
manometer-receivers on each side. The gas is put into the burettes 
by means of mercury and can be read from the mercury. The ap- 
paratus is very sensitive and works exactly to 0.05 per cent. The 
apparatus solves the problem of the examination of choke-damp in 
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the simplest, quickest and most exact manner according to Sections 
71 and 72 of the general mining police order, January 18, 1900, of 
the Royal Head Mining Office, Breslau. The apparatus serves 
further for the determination of methane in the high nitrogenous 
gases which are found in mine inflammatory gases. It is also 
quick and accurate for determining their content of carbon 
monoxide. F. SCHREIBER. 


A Burette and Standard Solutions Convenient for the Determi- 
nation of Nitrogen by the Kjeldahl Method.—By using the burette 
described below together with the standard solutions of the 
strength recommended, all calculations and use of tables can be 
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avoided. One gram of material is used and the standard solutions 
for titrating are N/2 sulphuric or hydrochloric acid and N/14.04 
alkali. One cc. of alkali of this strength will be equivalent to one 
milligram of nitrogen and 1 cc. of the N/2 acid will be equivalent 
to 7.02 cc. of the alkali. 

The burette used is an ordinary 100 cc. burette with side inlet at 
the base, graduated to 1/10 cc., and having the figures running up, 
instead of down, the graduation; that is, 0 is at the base of the 
burette and 100 at the top. 

For the determination, 8 cc. of the N/2 acid are run into the 
receiver, the distillation made and the distillate titrated with the 
N/+¥4.04 alkali in the following manner. The alkali is run into 
the burette from the stock bottle until it reaches 56.16. The 
titration is now made and the reading of the burette at the end is 
the per cent. of nitrogen multiplied by 10. This is seen from the 
following reasoning. 

As I cc. of the N/2 acid is equivalent to 7.02 cc. of the N/14.04 
alkali, 8 cc. will be equivalent to 56.16 mg. of nitrogen. 
As the titration was started with the burette reading at 56.16 and 
run down until the neutral point was reached, the alkali remaining 
in the burette must be equivalent to that which was in the distil- 
late. The reading of the burette then gives the milligrams of 
nitrogen in the distillate. ‘This divided by 10 gives the per cent. 

In this laboratory N/2 sulphuric acid and N/14.04 ammonia are 
used. The ammonia will keep at least four months without any 
perceptible change. If the reagents used give nitrogen in a blank 
determination, subtract the reading of the blank from the burette 
reading. If the substance examined contains over 5 per cent. of 
nitrogen, use 0.5 gram for the determination, multiplying the 
result by 2, or increase the amount of N/2 acid used to collect the 
distillate, remembering that for every additional cubic centimeter 
of the standard acid used the reading of the alkali in the burette 
must be increased 7.02. For 8 cc. the burette is filled to 56.16; 
for 10 cc., 70.2; for 12 cc., 84.24. 

In this laboratory the following number of cubic centimeters of 
the solution are used for the determinations indicated. 


Acid. Alkali. 

cc, ce. 
Total nitrogen .....0cseccescscscceccsces 8 equivalent to 56.16 
Ulsch-Street (nitrates) ........+.. Nsteieiela<e 6 “e 6 42.12 


Magnesium oxide (free ammonia) ....... 4 “s © 28.08 
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Instead of the 100 cc. burette mentioned above, one, two or 
three automatic burettes may be used; one constructed to auto- 
matically fill itself to 28.08 cc., one to 42.12, and one to 56.16 cc. 
These should be graduated to 1/10 cc. and the figures should run 
up the burette as in the one described above. Burettes of this 
kind can be obtained of Richards & Co., of New York. 


LABORATORY OF THE AGRICULTURAL EXPERI- W 
MENT STATION OF THE R.I. COLL. OF A. AND M. ARTS. A. , BoswortH. 


Note on Perkin’s Test for Bicarbonates—There was recently 
published,’ by F. M. Perkin, a test for bicarbonates based on the 
fact that bromine is liberated in a mixture of solutions of a 
bromide and sodium hypochlorite, if a dilute acid is added. Bi- 
carbonates are sufficiently acid to bring about this reaction and 
may thus be distinguished from normal carbonates. 

This test has proved very satisfactory in practice but the fol- 
lowing exceptions must be noted: The test will not show the pres- 
ence of ammonium bicarbonate nor can ammonium bromide be 
substituted for the sodium or potassium salts. Further than this, 
the presence of ammonium salts, even in very small quantities, pre- 
vents the reaction entirely. The ammonium salts experimented 
with were the chloride, carbonate, nitrate, sulphate, and oxalate, 
using solutions of the usual reagent strength and 5 per cent. solu- 
tions of sodium bicarbonate and potassium bromide. 

For the test, 1 cc. each of the bromide and hypochlorite solutions 
were used and 10 or 12 drops of the bicarbonate solution. 
Of the interfering ammonium salt solution, 2 drops, added before 
the bicarbonate, absolutely prevented the liberation of bromine, 
except in case of the oxalate, and a small additional quantity of 
this produced the same result. 

Incidentally it may also be remarked that care must be taken 
that the hypochlorite solution used is reasonably fresh and has 
been kept away from light, or it will be sufficiently acid to lead to 
erroneous results. Francis O. TAYLor. 


A Convenient Form of Table for Calculations of Chemical 
Weights.—The author, having frequent occasion to check calcu- 
lations of weights of substances made by students in quantitative 
analysis, has constructed a table, to enable him to quickly obtain 

1 J. Soc. Chem. Ind., 22, 1375 (1902). 
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such results. This is presented to the Section as an accessory in 
teaching which may prove instructive to the pupil and helpful to 
the teacher, and in a measure replace the use of the “rechentafeln” 
often so employed. 

Upon coordinate paper, 500 by 400 mm., the abscissa 
500 mm. is taken as 1000, and there is laid off upon the vertical 
ordinate, the length corresponding to the ratio for reduction of 
weight sought for weight found. A straight line is then drawn 
from the origin to this point. Thus we take for the copper in 
cupric oxide 798 or for chlorine in silver chloride 247. 

A diagonal line is thus drawn from the origin for each such 
ratio to be employed. We then read off upon the horizontal 
abscissa the measure corresponding to the figures of the weight 
found and the length of the ordinate at that point, cut off by the 
diagonal line for that substance, gives directly the amount of the 
body sought. F. P. DUNNINGTON. 


NEW BOOKS. 
PRINCIPLES OF INORGANIC CHEMISTRY. By Harry C. JONES. New 
York: The Macmillan Co. 1903. xx + 521 pp. Price, $4.00. 

“The aim of this book is to add to the older generalizations 
those recently discovered, and to apply them to the phenomena of 
inorganic chemistry in such a way that they may form an integral 
part of the subject, and, at the same time, be intelligible to the 
student” (Preface). 

The author states in the preface that the work is intended 
primarily for use by students of qualitative and quantitative 
analysis, and it may be presumed therefore that its aim is to 
modernize and expand the views of those who have already re- 
ceived some instruction in the elements of the science. At this 
stage, occasions for the application of modern ideas connected with 
ionization, mass action, solubility, and solution tension are cer- 
tainly innumerable. Every operation in analysis, even the most 
trivial, bristles with opportunities for the use of these conceptions 
and can be performed intelligently and with unfailing success only 
by a student alive to the situation. 

The book covers the general ground of a text-book of inorganic 
chemistry, but the theory of ionization and its application to the 
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explanation of chemical changes, including many of those used in 
analysis, receive special attention. Mass action, the phase rule, 
and Nernst’s theory of solution tension, as well as radioactivity, 
colloidal solutions of metals, and other topics of contemporary 
interest are also discussed. Noteworthy features, besides the 
numerous ionic explanations of reactions, are the solubility curves 
of salts and the frequent tables showing the degree of ionization 
of various substances. The student whose training in general 
chemistry has lacked illumination by modern views, whether on 
account of the ignorance, conservatism, or deliberate preference 
of his first instructor, will find in this book abundant opportunity 
for bringing his conceptions up to date and getting in touch with 
the science as it is. ‘To such a student the book will be most sug- 
gestive and stimulating. Dr. Jones is to be congratulated on 
having produced one of the best of the recent attempts to apply 
physico-chemical conceptions to undergraduate instruction. 

The task essayed by the author is a difficult one, however, and 
the present volume is only a contribution towards the solution of 
the problem and not the solution itself. The treatment is one- 
sided. [onic explanations abound, but chemical equilibrium 
which is fundamental to the understanding of ionic explanations 
in anything but a superficial way, and is of universal applicatiou 
outside of this restricted area, receives scant notice. The discus- 
sion of this subject is cut up awkwardly (cf. pp. 91 and 179), is 
inadequate to secure comprehension, and is not sufficiently illus- 
trated either when first presented or later. In teaching, the first 
explanation of this subject has always to be a mere preliminary to 
that constant and various illustration and application which seem 
to constitute the only method of making it really clear. Without 
this—and every opportunity for this is strangely neglected by the 
author—that incorporation with the habits of thought of the 
student which alone can give him a command of modern chem- 
istry has no chance of taking place. Surely a conception which, 
of all modern views, is by far the most fundamental to analysis, 
should have been driven home at every fair opporturiity in a book 
intended for the student of analysis. 

Even at the sacrifice of some .of the elementary matter, space 
should have been found for the explanation in modern terms of 
such analytical methods and reactions as are usually omitted from 
text-books on general chemistry. Yet, so far as the reviewer can 
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discover, important topics like bead reactions, the solubility of 
magnesium hydroxide in ammonium chloride, the difference be- 
tween double salts and salts of complex acids, the barium carbon- 
ate method, and the “solubility product” are not explained at all. 
The “normal solution” is defined (p. 112) as some physical 
chemists still unfortunately use the term (one mol per liter), and 
not as the analyst defines it. The behavior of the hydroxides of 
zinc (p. 389) and aluminum (p. 410) is ascribed to differing 
influences of acids and bases on the mode of ionization of the 
hydroxide, an assumption quite out of harmony with known facts. 
The precipitation of As,S, (p. 259) in concentrated hydrochloric 
acid is attributed to the interaction of hydrogen sulphide and 
arsenic acid, although AsCl, is demonstrated to be the active sub- 
stance by the result. Both of these cases might have furnished 
opportunities for beautiful applications of the theory of equilib- 
rium. The paragraphs on indicators (p. 212) are misleading. 
The pink color of phenolphthalein in alkaline solution is not due 
to the ion of phenolphthalein itself, but to that of an isomeric 
colored acid.t Contrary to the statements in the book, this indi- 
cator is one of the best for weak acids, such as carbonic and phos- 
phoric acids, provided they are not (like boric acid) weaker as 
acids than the isomer of phenolphthalein itself. The statement 
that this indicator cannot be used for titrating weak bases like 
ammonium hydroxide is correct, but the reason given is not. The 
cause of its lack of delicateness is the repression of the OH ions 
of the remaining hydroxide by the ammonium salts produced by 
the first stages of the titration.” 

The book is worthy of a cordial reception, and it is to be hoped 
that a call for a second edition will speedily give opportunity for 
the needed modifications. ALEXANDER SMITH. 


INORGANIC CHEMISTRY SYLLABUS. By HUBERT C. CAREL, B.S., Assistant 
Professor in the University of Minnesota. Third Edition. Minneapolis: 
H. W. Wilson, Publisher. 1902. 182 pp. 

This book has been prepared for the students of the Freshman 
classes of the medical department of the University of Minnesota, 
and is a condensed compendium of the salient facts of descriptive 
inorganic chemistry. A few pages here and there are given to 
theoretical chemistry. The book suffers somewhat from errors, 


1 This Journal, 24, 5§8. 
* Am. Chem. ]., 23. 406. 











NEW BOOKS. 541 


typographical and other, but contains an excellent index, which 
increases its value to medical students. 

The problem of the best method of teaching chemistry .in a 
medical school is as yet unsolved. A large proportion of men 
enter the school with little or no knowledge of chemistry, and are 
expected at the end of one year’s study to find their way success- 
fully through the intricate mazes of physiological chemistry. Alas 
for the teacher who is expected to perform this miracle! 


J. L. H. 


KALENDER FUR ELECTROCHEMIKER SOWIE TECHNISCHE CHEMIKER UND 
PHYSIKER. VII Jahrgang, 1903. Mit einer Beilage. Edited by Dr. 
A. Newburger. xxxi + 583 + 448. Berlin: M. Krayn. Price, 4 marks, 

In this valuable little book the editor has certainly succeeded 
admirably in his attempt to bring together material which is of 
value not only to the technical but also to the scientific worker. 
The separation of the technical from the theoretical branch has 
been more marked probably in electrochemistry than in any other 
subject and certainly the technical side has not gained by it. 
Through such works as this, we may look in the near future for a 
more intimate connection between the two branches of the subject 
which can not fail to be of great advantage to electrochemistry. 
There are but two criticisms to be made upon the make-up of the 
book, the lack of an index, and the binding of the Beilage as a 
separate volume, although its table of contents is given in the 
Kalendar. J. Livincston R. Morcan. 
BOTANY AND PHARMACOGNOSY. By HENRY KRAEMER, Professor of 

Botany and Pharmacognosy and Director of the Microscopical Labora- 
tories in the Philadelphia College of Pharmacy. Published by the 
author, 384 pp. 

The growing use of the compound microscope in the critical 
examination of powdered vegetable drugs has developed into a 
distinct branch of pharmaceutical study. It is perhaps needless to 
say that, in making a critical examination of vegetable powders, 
one must be familiar with the vegetable histological elements 
which make up the vegetable fabric, for no kind of pulverization 
will completely destroy the cell and obliterate its diagnostic 
features. The present volume, after dealing with plant mor- 
phology in Part I (100 pages), takes up the study of crude drugs, 
first giving their gross characteristics as found in their whole and 
dried condition. Following this is a scheme for the study of the 
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drug in the powdered state accomplished by the aid of the com- 
pound microscope and a few chemical reagents. It is in the latter 
part of the volume that we find the essentially new things, new to 
the English student. Important German and French works on 
powdered drugs have appeared, but in English, Prof. Kraemer’s 
work is the second one in this country that has come from the 
press assuming the dignity of a text-book ; hence it is to this new 
feature that especial attention should be directed. In this portion 
of the book we find an ingenuous key for the study of powders 
dividing them as follows: Powders of greenish color, powders of 
yellowish color, of brownish color, of reddish color, and of a 
whitish appearance. Each of these groups is subdivided in the 
following manner: I. Crystals of Calcium Oxalate Present.— 
(a) Calcium oxalate crystals, rosette shaped; (b) calcium oxa- 
late crystals, monoclinic prisms; (c)calcium oxalate in crystal 
fibers; (d) calcium oxalate in cryptocrystalline crystals. II. 
Calcium Oxalate Crystals Wanting.—(a)Crystoliths of calcium 
carbonate present; () calcium carbonate crystals wanting, etc. 

Then various sub-groups are made and subdivided very much 
as in botanical keys, making use of such characteristics as “Bast 
fibers present” or “Bast fibers wanting,” “Stone cells present” or 
wanting and so on for other histological elements. This part of 
the work is perceptibly condensed, so much so that we fear it is 
of little use to the student unless he has constantly at his side the 
instructor who knows the book. What we have said of this por- 
tion of the volume is also applicable to other portions—it is ex- 
tremely condensed and bears out fully what the author says in the 
preface: “It is written to meet the individual needs of the author 
in his work, as a treatise of botany and pharmacognosy and to 
supplement his lectures and laboratory demonstrations.” 

The illustrations in the work occupy the last portion of the 
volume very much as an appendix or afterthought. We are in- 
clined to think that the placing of all the illustrations in the back 
of the book was poor economy. It would have been much better 
to have had these 13 pages interspersed in their proper places 
throughout the text. However, they are very good, and on excel- 
lent paper. The work is a valuable addition to the literature of 
pharmacy. L. E. SAYRE. 
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THE CHEMICAL TECHNOLOGY OF TEXTILE FIBRES. By Dr. GEORG VON 
GEORGIEVICS, Professor at the Imperial and Royal State Trade 
School, Beilitz. Translated by CHas. SALTER. London: Scott, Green- 
wood & Co. 1902. x-+ 306 pp. Price, $4.50 net. 

This is a concise text-book for students, which will not prove 
too abstruse for the general reader. ‘The contents are almost 
entirely descriptive, and the material is, for the most part, well 
presented. 

The book contains six chapters, viz., The Textile Fibres; 
Washing, Bleaching, Carbonizing; Mordants and Mordanting; 
Dyeing ; Printing; Dressing and Finishing. ‘The chapter on dye- 
ing is the most important section of the book. It opens with a 
discussion of the theory of color and color combinations; then 
follows an epitome of the author’s views on the theory of dyeing. 
The mechanical theory is advocated, and a close analogy is traced 
between absorption of dye from the dye-bath by fibres, and solu- 
tion of substances in two non-miscible liquids; the coefficient of 
the distribution of the dye is shown to be the same as the ratio of 
concentration, and it is argued that the dye-stuff “exists in differ- 
ent states of molecular constitution in the fibre and in the bath,” 
the fibre absorbing simple molecules, leaving complex molecules in 
the bath. From this, various conclusions regarding the proper- 
ties, fastness, etc., of dyes on fibres, are deduced. 

The “solid solution” theory of Witt is rejected as not explaining 
the influence of the mechanical condition of the fibre on the “ratio 
of distribution,” nor of the action of water on the dyed fibres. The 
chemical theory of dyeing is also rejected, after some discussion, 
with the sweeping assertion that “not one single fact is known 
that would indicate the probability of the occurrence of chemical 
combination between the dye-stuff and the fibre in dyeing.” 

The general excellence of the book is apparent, and but few 
defects may be noted. The discussion of Kellner’s process for 
“electrolytic chlorine” might be clearer had a diagram of the 
apparatus been included. The directions for bleaching with 
sodium peroxide involve a procedure which would probably result 
in some loss of active oxygen. Errors in proof-reading occur on 
pages 2, 66, 67, 84 and 103; obscurity and some apparent careless- 
ness of statement are shown on pages 24, 25 and 58, while in 
many places, the influence of the German syntax appears in the 
work of the translator. 
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There is a good index, but the omission of references to original 
articles is a serious defect. F. H. Tuorp. 
THE DYEING OF WOOLLEN FABRICS. By FRANKLIN BEECH. London: 

Scott, Greenwood & Co. New York: D. Van Nostrand Co. 1902. 
viii + 223 pp. Price, $3.50 net. 

In the author’s words the book is intended “to supply the dyer 
of woollen fabrics with a conveniently arranged handbook.” Be- 
ing designed for the use of practical dyers, it is liberally supplied 
with recipes applicable to special cases; these directions are fre- 
quently brief but sufficiently full to be understood by any one 
acquainted with the work of the dye-house. All reference to the 
composition and properties of the various dyes, mordants, etc., 
has been omitted as foreign to the purpose of the book. Chapter 
IV on the principles and practice of wool dyeing, the most im- 
portant section of the book, contains a lucid account of the various 
methods of dyeing woolens, though written somewhat after the 
cook-book style; the chapters on the dyeing of union fabrics, and 
of gloria, also contain much valuable information; the numerous 
recipes comprise, altogether, nearly 80 pages of the book. The 
teacher of textile coloring may also gain some useful hints from a 
perusal of these pages. . 

Typographic errors are few, but on page 4 we find photoplasmic 
and also an obscure sentence concerning the amount of curl in 
wool; on page 27 appears.covered for recovered; the cut on page 
55 is inverted. 

The style is simple and clear and the absence of theoretical dis- 
cussions will cause the book to find favor with many to whom such 
material has little attraction. F. H. THorp. 


PRINCIPLES OF DYEING. ByG. S. FRAPS, PH.D. New York: The Macmil- 
lan Co. 12mo. 270 pp. Price, $1.60. 

This little book sets out to give a systematic presentation of 
the principles underlying the art of dyeing, illustrated and empha- 
sized by laboratory exercises. The plan of study is to take one or 
two typical members of each of five main classes of colors and 
study them with reference to their action toward the different 
fibers. The groups of textile fibers are next taken up and their 
physical and chemical characters and behavior under differing 
conditions noted. The operations of bleaching, scouring and dye- 
ing are then explained in their main outlines. The groups of dye 
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colors are then discussed in somewhat fuller detail and the 
methods of dye-mixing and dye-testing described. 

This plan has, in our opinion, been carried out with a notable 
measure of success and we believe the book would be well adapted 
to the use of students in dyeing classes as well as for dyers who 
wish to learn more of the theory underlying the art that they have 
learned in the dye-house. Prior to the appearance of this book, 
the best little book covering this ground was Hummel’s “Dyeing 
of Textile Fabrics,” but this book we believe to be the better of 
the two for the purpose it has in view. We can, therefore, recom- 
mend it quite cheerfully as worthy of an endorsement, and believe 
that it will find acceptance at the hands of those looking for a 
convenient manual on this subject. S. P. SADTLER. 


SEALING-WAXES, WAFERS, AND OTHER ADHESIVES. By H.C. STANDAGE. 
London : Scott, Greenwood & Co. 1902. 95 pp. Price, $2.50 net. 

The first thing that strikes one in looking at this book is that 
two dollars and a half is a large sum to pay for a book of about 
20,000 words, equal to about one-third of one of the monthly 
numbers of this Journal, made up, apparently, of recipes culled 
from the technical papers. Half of the book is devoted to sealing- 
waxes. There is a short but clear and intelligible description of 
this process, a brief account of materials used, and a large number 
of formulas, all of which are probably practical, and useful to the 
amateur. But the amateur is not likely to make a very fine article, 
and probably almost any formula is good enough for him, while 
the professional will always work out his own. Four pages are 
given to an interesting account of wafers. The rest of the book is 
on cements and pastes. The statement is made that “gelatine 
differs from glue in its chemical nature, but in physical character- 
istics is very similar”; also “this fact” (the insolubility of glue in 
oil) “has not been made full use of, as, for example, in the prepa- 
ration of a glue compound that could be used as a paint for coat- 
ing the inside or outside of barrels containing such volatile fluids 
as benzene, etc.” I had supposed that every manufacturer in the 
world used glue to line the barrels for benzine, turpentine, oil, 
varnish, etc., and I still think so. “Flour, as a material for pro- 
ducing adhesives, depends on the gluten it contains.” No doubt 
gluten is useful, but flour also contains starch, which has some 
repute as an adhesive, and starch is nowhere mentioned in the 
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book except once as a material from which dextrin is made and in 
one formula for a liquid glue, of which starch is to make one- 
tenth the total solids. The flour pastes and the glues are very 
good, but any one who expects to learn from this or any other 
book how to make such a paste, for example, as the “library” and 
“photographic” pastes now on the market, will be disappointed. 
Among the cements, I note the conspicuous absence of the old and 
reliable litharge and glycerin mixture, and all the asphaltum com- 
pounds. On the whole, it may be said that the book is very good, 
what there is of it, but as to its being the work of an expert there 
may be some doubt. A good book on glue alone, by a real expert, 
would be “mighty interesting reading” and it would be new. 
A. H. Sain. 


THE UTILIZATION OF WASTE PRODUCTS. A TREATISE ON THE RATIONAL 
UTILIZATION, RECOVERY AND TREATMENT OF WASTE PRODUCTS OF 
ALL, KInpDs. By THEODOR KOLLER. Translated from the German 
Second Revised Edition by a Technical Chemist. London: Scott, 
Greenwood & Co. New York: D. Van Nostrand Company.  8vo. 
viii + 279 pp. Price, $3.50 net. 

This book is in many respects opportune. Notwithstanding the 
fact that modern practice in manufacturing requires that every- 
thing which may find useful application shall be recovered and 
utilized, it is nevertheless true that many products are still 
allowed to waste while preventive methods are being eagerly 
sought. Experience in this country as well as abroad has shown 
that frequently utilization of waste, forced by legislative enactment 
by states and municipalities, has protected important industries 
from ruin, and that substances considered nuisances not only by 
producers but by their neighbors have become important sources of 
profit. We need only refer to the practice forced upon the meat- 
packing industries of this country to find apt illustration of this 
fact. The book before us calls attention to many of the wastes 
available and describes methods whereby they may be recovered. 
These descriptions are professedly for the greater part compara- 
tively brief abstracts of papers published in various works and 
periodicals but few being the outcome of the experience of the 
author and many of them scarcely up to the standard of every-day 
practice. The source of information in each case is carefully 
given so that further details may readily be found, if desired. 
The book will prove useful in many hands and serve as a source 





a oe ee ee ee eee ee 


Ww 
lit 


to 





NEW BOOKS. 547 


of suggestion and as a guide in the side lines of the various indus- 
tries, particularly to those of limited practical experience. 
Wa. McMourtriz. 
THE UTILIZATION OF WOOD-WASTE. By ERNST HUBBARD. Translated 
from the German by M. J. SALTER. London: Scott, Greenwood & Co, 
Igo2. I2mo. Ig2pp. Price, $2.50. 

This little book is a translation of the second revised edition of 
one of the well-known Hartleben Library of technical manuals 
and deals with the various methods and proposed methods for 
utilizing sawdust and similar waste for the production of chem- 
ical products. It was one of three which have appeared in this 
library, the others being “Das Holz und Seine Distillations- 
producte,” by Dr. George Thenius and “Die Verwerthung des 
Holzes auf chemischen Wege,” by Dr. Jos. Bersch. 

This work takes up first the employment of sawdust as fuel 
either with or without the simultaneous recovery of charcoal and 
the products of distillation. This is a very important subject and 
one to which practical chemists have given some considerable 
attention, as in lumber districts where sawmills abound a profit- 
able utilization of the sawdust would be desirable. Many of the 
older forms of retorts for the continuous carbonization of sawdust 
by means of endless screws, etc., have, however, been given up in 
practice because of the difficulties caused by the moisture in the 
sawdust. This has been overcome in some cases by briquetting 
and previous drying of the briquettes or by the use of a prepara- 
tory drying chamber through which the moist sawdust passes on 
a sheet-metal conveyor or before it goes into the distillation 
chamber proper. The earlier briquetting procedure of Bergmann 
is described but we find no mention of the later, more successful, 
Heidenstam Swedish method. 

The manufacture of oxalic acid from sawdust is very fully de- 
scribed and the means of purifying the product given. 

The manufacture of ethyl alcohol and organic dyes from waste 
wood is also referred to but these proposed methods are as yet of 
little practical value. 

The manufacture of artificial wood and plastic compositions for 
moldings is a much more important matter and is very satisfac- 
torily described. 

The employment of sawdust as an ingredient of blasting-pow- 
ders and explosive mixtures is similarly very fairly dealt with. 
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The book is well printed and presents a neat and attractive ap- 
pearance and will no doubt be found to be a source of much useful 
information. S. P. SADTLER. 


PAPERS ON ETHERIFICATION AND THE CONSTITUTION OF SALTS. By 
ALEXANDER W. WILLIAMSON (1850-1856). Alembic Ciub Reprints, 
No. 16, Edinburgh. The Alembic Club, Chicago: The University of 
Chicago Press. 1902. Price, 40 cents. 

The study of the original, classical papers, which have been of 
epoch-making significance in the development of chemistry, cannot 
be too earnestly commended. ‘The Alembic Club of Edinburgh is 
performing a valuable service in making a series of these papers 
easily accessible. The papers are published in a neat cloth bind- 
ing. Previous numbers of the series, as well as the one mentioned 
above, may be obtained from the University of Chicago Press. 


W. ALN. 


INVESTIGATION OF THE PURITY OF CHEMICALS. 


At the suggestion of Professor F. W. Clarke and others, a 
committee was appointed at the last meeting of the Society to 


investigate the purity of chemicals, especially reagents, as sold by 
dealers. It is a common experience that many articles marked 
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“pure,” “chemically-pure,” or “C. P.” are far from satisfactory, 
and it is believed by many analysts that the quality of reagent 
chemicals has grown worse instead of better in the last few years. 
At any rate the matter is of such importance as to merit investiga- 
tion. The committee, which consists of Charles Baskerville, 
L. M. Dennis, W. F. Hillebrand, H. P. Talbot and the president 
of the Society as chairman ex-officio, is collecting data to show the 
extent of the evil of adulteration or wrong labeling, and requests 
information from all members of the Society who have had ex- 
perience in the matter. This information should be sent to 
Professor H. P Talbot, Massachusetts Institute of Technology, 
Boston. 

The committee will be glad also to receive suggestions as to the 
best means of practically correcting the present unsatisfactory 
condition. 





